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The herbarium as an institution dates back more than four

centuries, but the origins of plant collecting for medical and

proto-scientific purposes trace back even further to the time of

the medieval herbalists. To some of today's biologists the her-

barium is an anachronism in the modemscientific world, and

their voice of reproach has seemed to grow ever more deafen-

ing, especially to the ears of the curator. In response have come

some eloquent defenses of the herbarium and its historical

significance to science and human welfare (e.g., Beaman ct al.

1965, Cronquist 1966). Notwithstanding frequent optimistic

predictions, however, today the herbarium faces critical chal-

lenges to its future existence. Quantitative gains too often are

being mistaken for progress and good health, while in fact the

physical facilities, staff, operational procedures, collection strat-

egy, and intellectual raison d'etre of the herbarium are not

1 This paper, given at the symposium under the title "The Future of the Herbar-

ium," has been expanded greatly in the statistical portions dealing with the past and

present of the herbarium. "A herbarium," as Lawrence ( 1951 ) defines it, "is a col-

lection of plant specimens that usually have been dried and pressed, are arranged

in the sequence of an accepted classification [can be purely alphabetical], and are

available for reference or other scientific study." Cronquist ( 1966 ) would add that

"a herbarium can be a very useful teaching aid or an absorbing hobby. . .
." It is

beyond the intent of this paper to review the extensive and widely scattered literature

on the history, philosophy, apologetics, and methodology of herbaria.

2 I am deeply indebted to Elaine R. Shetler and Nancy L. Howard for help in ab-

stracting, keypunching, and compiling the statistics, and to James J. Crockett and
Shigeko 1. Rakosi, Smithsonian Information Systems Division, for taking care of the

computer programming and processing. Dr. John H. Beaman, Curator of the Beal-

Darlington Herbarium of Vascular Plants, has kindly cooperated in supplying infor-

mation on the Michigan State University Herbarium. Acknowledgment is due also

to Mildred J. Davenport and Betty Scott for assistance on the manuscript. Financial

support was provided by a grant (Sg0621054/C-1 ) from the Smithsonian Research

Awards Program.
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keeping pace with the times. Future prospects are being fore-

cast on the basis of the past or present significance of the her-

barium without due regard for its changing role. Conse-

quently, the prognoses are at best too optimistic and at worst

delusive or irrelevant.

In many respects, to be sure, the ills of the modern herbarium

are only symptomatic of the greater malaise that besets the

whole of classical botany and indeed biology ( Bonner 1963,

Laetsch 1963, Shetler 1963, Smith 1964, Engledow 1968). On
the one hand, the traditional disciplinary approach to biology,

which has tended to partition it into botany and zoology and

then into kinds of plants and animals, is giving way to the

levels-of-organization approach, which is topical and cuts

across the classic groupings of organisms. On the other hand,

descriptive biology at the higher levels of organization is be-

coming unfashionable and is being supplanted aggressively in

curriculums and graduate research programs by descriptive and

experimental molecular biology. Fortunately there are scien-

tists who understand the importance of descriptive biology at

the higher levels and can counteract the trend to supplant

rather than complement such biology with molecular biology

(e.g., Mayr 1968).

Faced with the crisis in classical biology, the museum, that

citadel of descriptive biology of which the herbarium is but a

special case, is remarkably healthy and viable today even in

many universities. In some instances, in fact, other, seemingly

more favored scientific facilities have taken second place to the

museum. There is always the overwhelming physical reality of

a large collection of specimens that cannot be ignored easily,

although it is precisely this attribute that increasingly has be-

come a negative factor whenever the future of a museum is at

stake.

Whether the omens for the future seem favorable or unfavor-

able the time has arrived for curators to take a realistic look at

the current plight of the herbarium and to make some frank

assessments of future needs and prospects. This must be done

at the risk of a misuse of findings among our critics. I hope

that this paper will provoke more dialogue among herbarium

curators, administrators, and plant systematists at large con-
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ceming tlie future of the herbarium and thereby lead to a

more exhaustive study of the question than I am able to offer.

Source Of Statistics

The herbarium fraternity, thanks to the pioneer efforts of

Professor Lanjouw (sec "Introduction," Lanjouw and Stafleu

1959), has been poUing itself for many years concerning her-

barium resources. This work has been carried out under the

auspices of the International Bureau for Plant Taxonomy and

Nomenclature of the International Association for Plant Tax-

onomy (lAPT), with headquarters in Utrecht, Netherlands.

The results have been published in Index Herhariorum, Part I:

The Herbaria of the World (hereinafter abbreviated I.H.),

now in its fifth edition ( Lanjouw and Stafleu 1964 ) , with a

sixth due this year. This compilation, though it has obvious

shortcomings, is invaluable and miique: no other group of biol-

ogists, to my knowledge, has such a concise, worldwide digest

of its research collections. Other, coinplementary reference

guides published by the lAPT are an index to plant collectors

(Lanjouw and Stafleu 1954, 1957), an index to institutional

wood collections (Stern 1967), a directory of plant taxonomists

( De Roon 1958 ) , and a directory of botanical gardens ( How-
ard et al. 1963). Together these reference works constitute a

gold mine of information that could be exploited more fully if

they were computerized for easy permutation and comparison

of the data. Perhaps this will be done in future editions.

My analysis is based largely on statistics abstracted from the

most recent edition (5th) of I.H. and permuted by computer.

Dated 1964, this edition is effective only through 1963, thereby

providing a 5-year supplement ( 1959-63 inclusive ) to the

fourth edition (Lanjouw and Stafleu 1959). Ten data fields

were formatted on an IBM card, and a card was keypunched

for each herbarium treated in the text. Geographic data were

supplemented from a world atlas. The ten fields are: (1) of-

ficial herbarium abbreviation (e.g., US for U. S. National Her-

barium, Smithsonian Institution),"' (2) city, (3) state or prov-

3 In the discussion that follows, I sometimes have given only the standard abbrevia-

tion of a herbarium in lieu of the full name, so that the general reader will be spared

meaningless details. With the abbreviation, taxonomists who are interested can look

up the specifics in I.H., which they usually have close at hand.
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ince (only for Australia, Brazil, Canada, China, Great Britain,

India, Mexico, USA, USSR), (4) country, (5) continent or re-

gion, ( 6 )
year of founding, ( 7 ) number of specimens, ( 8 ) num-

ber of staff, ( 9 ) organizational status ( university, government,

private), and (10) type of plants (phanerogams, ciyptogams,

general )

.

With the aid of a Honeywell 1250 computer, a directory

(Shctler ct al. 1968) was produced indexing the herbaria al-

phabetically by: (1) abbreviation; (2) city; (3) country and

state or province within country; ( 4 ) continent, country within

continent, and state or province within country; (5) organiza-

tional status and country within status; and (6) type of plants

and country within type. Also, the herbaria were ordered by

(7) year of founding, (8) size of collection, and (9) size of

staff. In the process of indexing, certain statistics were com-

puted by machine, and still other statistics have been computed

manually from the printout for the purposes of this paper.

Of the 1,188 herbaria hsted in I.H. (1964) at least by name
and abbreviation, only 941 are actually treated or mentioned in

the text, and 8 of these (BM-SL, G-DC, ND-G, SAM, SARF,

STE-VB, TM, TRV) are incorporated with other herbaria and

do not have separate statistics.^ This leaves 933 herbaria for

which at least some data are given. Unless otherwise indicated,

all statistics and comparisons are based on an analysis of data

provided for these 933 herbaria.

Index Her])ariorum is intended to cover only public, institu-

tional herbaria. Collections in the hands of private individuals

are not considered part of the public domain of science and are

not assigned standard abbreviations (mark of official recogni-

tion ) nor included in I.H. The hundreds, probably thousands,

of private herbaria in the world are usually small, seldom ex-

ceeding a few hundred or thousand specimens. In at least

one case, however, a private collection is known to number
about 150,000 specimens, a not insignificant herbarium. Of

* The alphabetical index to herbarium abbreviations registers 247 herbaria omitted

from the text, all but one ( GUA) being small British institutional herbaria taken from

Kent's book (1957) and listed in I.H. to provide conveniently their official abbrevia-

tions. Twelve of the 941 herbaria treated or mentioned in the text are not included

in the index: BM-SL, CHIS, CHISA, G-DC, KL, KLA, KLU, KRA, ND-G, SARF,
TENN, TM.
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course many institutional herbaria began as private collections.

Even as a register of public herbaria, /.//. still falls short of

completeness after 30 years of data-collecting and updating.

Of the 167 herbaria reporting for the first time in the 5th edi-

tion, which represent about 18% of the 933 herbaria treated,

only 13 report a founding date in the years ( 1959-63 ) since the

4th edition appeared. Tlius even in the latest edition of I.H.

over 16 percent of the main entries (92 percent of new entries)

are entries that should have appeared already in the 4th edi-

tion if not before. The real total of public institutional herbaria

has not been approached. Weknow in the case of Great Brit-

ain, thanks to Kent's book ( 1957 ) , that almost five times as

many institutional herbaria have escaped full treatment in I.H.

as have been treated (246:50). Every country, no doubt, has

its own small, umioticed herbaria in municipal, county, and

state or provincial museums, schools, and parks. The United

States, for example, has many, often quite valuable though lo-

cal herbaria in national parks. For the most part, these obscure

herbaria, which so far have either failed to respond to question-

naires or have escaped the notice of the compilers of I.H., are

small and inactive with respect to the national and international

commerce of plant taxonomy. It is likely that the number of

scientifically important herbaria in the world is about 1,000, i.e.,

approximately the number now treated in I.H. Doubtlessly

some important herbaria, particularly in the USSR, China, and

Southeast Asia, have not yet reported, but at the same time

some of the tiny herbaria already treated in I.H. are relatively

unimportant to the pvirsuit of systematics. Having said this, I

hasten to add that in a real, if relative, sense all herbaria are

scientifically important. It is to be hoped that eventually I.H.

can be a complete worldwide register of institutional herbaria.

If the 5:1 ratio of unreported to reported herbaria of

Great Britain were to hold throughout the world, then there

could be as many as 5,000 institutional herbaria. If Kent's data

are a safe guide to the size of the smaller, unreported herbaria

of the world, then such herbaria have anywhere from 200 to

75,000 specimens and average almost 5,000 specimens lierbar-

ium. At this rate, 1-1.5 million specimens should be added to
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the I.H. figure just for Great Britain, and on a worldwide scale

this could mean an additional 18-20 million specimens.

The problem of missing data is bothersome because many
herbaria did not report complete information. Number of speci-

mens was reported by 78 precent of the 933 herbaria and year

of founding by 79 percent, while 85 percent listed the names of

one or more staff members. Perhaps some of the 15 percent not

listing staff in fact do not have any staff. Except where other-

wise indicated, the statistics of this paper are based on the her-

baria actually reporting and are not extrapolated to account for

all 933 herbaria treated in /.//., to say nothing of the 247 men-

tioned but not treated in /.//. or of any estimated world total of

herbaria. It should be kept in mind, therefore, that in reality

the figures would be higher, perhaps much higher, in all cate-

gories if data were available for all public herbaria. The bias

of missing data probably affects the statistics for most countries

about the same, but there are some notable exceptions. The

herbarium resources of mainland China cannot be assessed real-

istically because 73 percent of the entries in I.H. for Chinese

herbaria ( excluding Taiwan ) do not include number of speci-

mens or the names of staff. For the USSR, only 58 percent of

the included herbaria report staff and only 60 percent report

number of specimens. French herbaria report number of speci-

mens in even fewer cases (57 percent). Some of the smaller

countries have not reported any staff or specimen totals.^'

Concerning the reliability of the data in /.H., the questions,

When is a herbarium actually founded?. What is a specimen?,

and, Whois a staff member?, naturally arise.

Establishing the founding date of a herbarium can be a quite

subjective matter. The U. S. National Herbarium,'' for example,

" Countries not reporting any staff (total number of herbaria in parentheses): Brit-

ish Honduras (1), Ecuador (2), Greenland (1), Lebanon (1), Nicaragua (1),

Paraguay (1), Ryukyu Islands (1), and Seychelles (1); countries not reporting any

specimen totals: Azores (1), British Solomon Islands (1), Ecuador (2), Greenland

( I ) , Korea ( 2 ) , Nicaragua ( I ) , Paraguay ( 1 ) , Ryukyu Islands ( 1 ) , and Tunisia

(1).

6 The U. S. National Herbarium, as the Smithsonian's ijlant collection has long

been designated in the international taxonomic fraternity, is administered by the

Department of Botany of the Institution's National Museum of Natural History.

Technically speaking, therefore, "U. S. National Herbarium" is a term of conve-

nience for the collections themselves and not an official organization wth a staff and

administrative status. For practical iiuri^oses, however, it can be so regarded in

many contexts.
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gives a founding date of 1868 in I.H. Tliis was the year when a

Smithsonian herbarium was organized in Washington, D. C,
under the care of the U. S. Department of Agriculture, l)ut

shortly after its founding in 1846 the Smithsonian Institution

had already come into possession of plant collections made
under federal auspices as early as 1840 ( Stem 1966 ) . It was not

until 1894, however, that the U. S. National Herbarium was of-

ficially established at the Smithsonian. A further example is the

herbarium of the Komarov Botanical Institute in Leningrad,

said in I.H. to have been founded in 1823, but which actually

was an outgrowth of collections started almost at the inception

in 1714 of the forerunner medical garden (cf. Shetler 1967,

Lipschitz and Vassilczenko 1968). In /.//., the founding dates

of the medical garden and herbarium are distinguished from

each other. Even when, as in this case, the distinction is made
in I.H. between the founding dates of the herbarium and its

mother institution, choice of starting point may be entirely sub-

jective.

The overwhelming majority of specimens reported in I.H. are

of the conventional herbarium type, but it is clear that other

types of specimens (fossils; wood samples; fossil or wood thin

sections; pollen, spore, and other anatomical microscope slides)

frequently are included in the totals. Cryptogamic specimens

are especially problematic. There is no uniform way of count-

ing them; yet generally they are not tallied separately in /.//.

One must assume that the confounding effects of cryptogamic

and other kinds of specimens are spread over all herbaria.

To judge by the few herbaria giving exact figures for totals,

one would conclude that only about 3 percent of the world's

herbaria actually maintain precise counts of specimens held.

Furthermore, it is not possible to know in any given case how
many of the specimens of the total are mounted as opposed to

unmounted or available for consultation as opposed to being in

storage and unavailable.

The criteria for reporting staff obviously varied from one her-

barium to another. In general, only professional curatorial-re-

search staff are listed, but some universities and research in-

stitutes have reported whole faculties or groups of faculties, so

inflating their actual staffs that it is impossible to know how
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many persons play an active role in the herbarium. Other in-

stitutions have included directors or administrators who have

nothing to do with the herbarium and in fact may not even be

botanists, while still others have included technical staff such

as preparators. In the future, herbaria should be encouraged to

report total number of technical and clerical staff, without

names, and to distinguish, as some herbaria have already done,

between active curators on the one hand and associated re-

searchers and emeritus or honorary curators on the other hand,

so that an accurate picture of the world's professional man-

power devoted to the maintenance of herbarium collections can

be ascertained.

Lacking any sound basis for consistently distinguishing be-

tween different kinds of staff in I.H., I have simply counted all

persons listed for each herbarium. If we can assume that the

excesses of one are cancelled by the deficiencies of another,

then we can assume that the total figures yield a reasonably fair

report of professional curatorial manpower in the world's her-

baria. Given this rough level of manpower estimation, I have

ignored cases of duplication. About 2 percent of the names ap-

pear twice, but often it is not possible to know whether the

curator was holding two positions or had moved to another

herbarium too recently for his name to have been removed from

the roster of the first herbarium.

Notwithstanding its limitations and shortcomings, Index

Herhariorum provides an excellent statistical abstract of the

world's herbarium resources for which the compilers must be

given full credit. Even though the data in specific cases may
be suspect, this should not invalidate collective statistics and

comparisons unless there is evidence of systematic bias. I hope

that my paper will have the positive effect of stimulating cura-

tors to help in correcting and refining the data in future edi-

tions of I.H. where necessary.

To supplement the data of /.//. and make my analysis more

vivid and contemporary, I have selected two American herbaria

for brief case study. As an example of a university herbar-

ium, I take the Michigan State University (MSU) Herbarium.

A recent symposium, held about the time when the 5th edition

of /.//. was issued, focussed attention on the MSUHerbarium



Natural history collection symposium 695

and the problems of university herbaria in general. Tliis herbar-

ium, with its approximately 200,000 specimens, characterizes

active university herbaria of small to moderate size. The U. S.

National Herbarium will serve as my example of a large non-

university herbarium. For statistics on the National Herbarium

I have drawn freely from the excellent status reports of the

Smithsonian's Department of Botany that were prepared for

internal purposes recently by Stem ( 1966) and Hale ( 1967).

Growth Of World's Herbarium Resources

All of the tables ( 1-16 ) , compiled from the 5th edition of

I.H. ( 1964 ) , are placed at the end of the paper.

CJironolofiy of Herbarium Founding,

The first institutional herbarium was founded about 425

years ago in 1545 at the University of Padua in Italy" (see

Tables 5-12 ) . Only 12 more herbaria were to be founded dur-

ing the next 200 years, including four others in the 16th century

and four in the 17th century. Among the latter were two,

formed in 1635, which today are among the world's most re-

nowned herbaria, namely, the phanerogamic (P) and crypto-

gamic (PC) herbaria of the Museum National d'Histoire Nat-

urcUe in Paris. The first half of the 18th century saw only four

herbaria established, but the second half brought a minor burst

of 32 foundings. Several of the great herbaria of Europe and

the British Isles took origin during this period. Thus herbar-

ium formation did not begin in earnest until about 1750. The
year 1753, when Linnaeus published his revolutionary Species

Plantarum, was only the second in history in which two her-

baria were founded (British Museum, London; University of

Vienna, Austria ) , and the decade of the 1750s was the first in

history in which more than two (five) herbaria were formed.

Henceforth, the number of herbaria foiTned per decade, plotted

in Fig. 1 for every decade from 1750-59 to 1950-59, began to

rise, only twice dipping below the level of the 1750s. Of the 21

decades from the 1540s to the 1740s, by contrast, there were 10

" The founding date for the university herbarium at Pisa, Italy, is given in I.H. as

"before 1830," but the botanic garden of the university, which may have maintained

a dried plant collection early in its history, is said to have originated in 1543. The
analysis deals, of course, only with herbaria in existence.
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in which no herbarium was founded, 9 in which only a single

herbarium was fonned, and 2 (1560s, 1630s) when two her-

baria were founded.

Prior to 1750, only one herbarium (Mauritius, 1737) had

been fonned outside the continent of Europe. Several herbaria

came into being in the British Isles during the next 50 years,

and the first herbarium of the NewWorld was founded in 1772

at Winston-Salem, North Carolina, in the United States. A year

later the second and only other New World herbarium to be

founded prior to the 19th century was formed at Charleston,

South Carolina, where the collections of Stephen Elliott,

pioneer botanist of the Carolinas, have been kept. Neither of

these herbaria ever advanced far. The first principal herbarium

of the United States, though actually the fourth to be founded

in this country, was organized in 1812 at the Academy of Nat-

ural sciences of Philadelphia
(

given as first American herbar-

ium by Jones and Meadows 194S ) . In Asia, the first herbarium

was established in 1793 at Calcutta, India, and a second was

not formed until almost 25 years later. The first herbaria of

South America and Africa were not formed until the 1800s, in

1808 ( Rio de Janeiro, Brazil, RB) and 1855 (Cape Town, South

Africa, SAM), respectively.

Up to the year 1800, i.e., for over 250 years, only 45 herbaria

had been founded, 94 percent of these in Europe and the Brit-

ish Isles. During the next 50 years ( 1800-49 ) the pace of found-

ing quickened markedly, and 76 herbaria, about 1.5/year, were

fonned. Well over half of these were fonned in Europe and

the British Isles, but a dozen were founded in North America

and a handful elsewhere. The rise and spread of the herbarium

as a scientific institution had really begun. Thus, while only 13

herbaria had been established in the entire world prior to 1750,

the British Isles and North America each had about this many
by 1850. By contrast, however, Asia, the Australasian-Pacific

Island region, and South America were not to achieve about a

dozen herbaria each until 1900, more than 350 years after the

very first herbarium was organized, and Africa could not claim

this milestone until the first decade of the present century had

passed.

During the 1800s, 270 ( 37 percent ) of the present 933 herbaria
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were established, at an average rate of 2.7/year. By the late

1830s one or more herbaria were being ereated virtually every

year, and, according to the official record {I.H.), over the 125-

year period from 1839 to 1963 there have been only 5 years

(1841, 1843, 1851, 1866, 1961), including only one in the present

century, when new herbaria have not been founded. The real

explosion in herbarium building has come during the present

century. Thus far ( 1900^63 ) 420 herbaria, 57 percent of the

total number, have been founded, averaging 6.6/year, which is

more than twice the rate for the 19th century and exactly triple

the overall rate (2.2/year) for the whole 419-year period

( 1545-1963). Of these 419 years there have been 239, of which

234 occurred prior to 1839, when not a single new herbarium

was formed.

The golden age of herbarium-founding began about the mid-

dle of the 19th century and lasted for about 100 years ( Fig. 1 )

.

The 1850s witnessed a sharp upswing to 30 in the number of

herbaria founded per decade, and from there the general trend

was upward until the 1920s when 91 herbaria, the all-time high

for a single decade, were formed. The peak year was reached

in 1890 when 20 herbaria were founded. There have been only

13 other years in history, all in the 20th century, when 10 or

more herbaria were founded in a single year; these vintage

years, in order of decreasing number of herbaria fonned, have

been: 1930 (15 herbaria); 1920 (14); 1935, 1947 (13); 1918,

1925, 1946 (12); 1900, 1922, 1923, 1924, 1950 (11); and 1932

(10). Since the 1920s, the founding of new herbaria has de-

clined shaiply.

The 100-year herbarium boom has coincided roughly with a

similar golden age of exploration and description in plant sys-

tematics and biology generally, which was initiated by the

great pioneer biologists of the late 18th and 19th centuries and,

it appears, is now drawing to a close in mid-20th century. A
pivotal factor in the United States, both in the flourishing of ex-

plorative-descriptive biology and in the rise of the herbarium,

was the passage by the U. S. Congress of the first (1862) and

second ( 1890) Morrill acts (sponsored by Representative Justin

Smith Morrill ) ,
providing for the establishment and support of

land-grant colleges to promote, among other studies, the agri-
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Decades from 1750-19'^9

Fig. 1. Number of Herbaria Founded Per Decade from 1750 to 1960.

cultural sciences. Some of the most outstanding herbaria in the

United States today are to be found in land-grant institutions

tracing their starts to this legislation. Although the influence

and support of the land-grant acts continue, reinforced by

additional legislation as recently as 1960, the impetus of the

agricultural college, which so profoundly affected the course of

herbarium development in America, v/as largely dissipated

after the first few decades of the present centuiy. This develop-

ment in America must be regarded as having influenced the

worldwide trend as well, given that the USA can claim nearly

a quarter of the world's herbaria today.

Herbarium-founding has by no means stopped today, despite

the shaiply declining rate since the 1920s. If, as so frequently is

done, one looks only at the present and ignores the historical

trend, then herbaria appear to be growing and spreading more

rapidly than ever, which actually is true in some parts of the

world where the last five or ten years have chalked up a larger

roster of foundings than the first 200-350 years ( cf . Tables 5-12

and next section ) . Worldwide, about 300 years passed before

the first 100 herbaria were formed, but the last 100 of the 933

herbaria have been founded in just over 17 years (Table

14)! During the most recent 5-year period for which

statistics are available, 13 herbaria have been founded —as
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many as were founded during the entire first 200 years (to

1750 ) . Obviously the herbarium is far from being a dead insti-

tution. Yet it also must be noted that the annual rate of found-

ings has decreased from 6.6 herbaria/year during the first 63

years of this century to 4.2 during the last 10 years and 2.6 dur-

ing the last 5 years of this period.

Geography of Herbaria

The world's herbarium resources are analyzed by continent

or region in Tables 1 and 2 and by countiy (top 22 countries

only) in Tables 3 and 4.

Today's 933 herbaria arc located in 104 countries, averaging

about 9 herbaria, or 1 percent of the total, per country. In fact,

however, only 22 countries have the average 9 herbaria or

more. Of the 104 countries, 37 have only one herbarium, 77

have five or less, and 95 have twenty-five or less. The top five

countries and their numbers of herbaria are: USA (244),

Great Britain (50), Canada (48),« USSR (43), and France

(42). Only the first place of the United States is clearly

established, and this is tiiie whether the criterion is number of

herbaria, nmnber of specimens, or number of staff. The ranks

of the other countries change when the latter two criteria are

used; Canada drops to 13th place when ranked by number of

specimens but only to 5th place by number of staff, while

France places 2nd and Great Britain 3rd by both of these stan-

dards. The rank of the USSRcannot be determined confidently

with the available statistics in I.H. because of the relatively

large number of herbaria not reporting full data; quite possibly

the USSR ranks next to the USA. Likewise, in reality China

might rank among the top five, but the highly incomplete data

place her out of the running.

The 10 leading countries have 63 percent of the world's her-

baria; none of the other 94 countries has as many as 20 herbaria.

In the United States, every state has at least one herbarium, and

8 On behalf of the Systematics and Phytogeography Section of the Canadian Botan-

ical Association, W. K. W. Baldwin of the National Herbarium of Canada ( CAN)

,

Ottawa, has been making a special study of Canadian herbaria during the past few

years in an effort to provide better data for the forthcoming 6th edition of Index Hcr-

barionim. His progress reports, which have been distributed but not published, reveal

that there are more than 60 herbaria in Canada at the present time. I have not at-

tempted to incorporate his incomplete results here.
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California leads with 27. Half of the USA's 244 herbaria are

found in California and six other states: Texas, 22; Michigan,

19; Massachusetts, 17; Pennsylvania, 14; New York, 12; and

Ohio, 10. If the continents of Europe and North America are

treated broadly, as follows, then each is seen to have about a

third of the world's herbaria: Europe + British Isles = 327 her-

baria; North America (including Mexico and Central America)

+ West Indies = 315 herbaria. Asia places a distant third

place with 114 herbaria or, including the Australasian-Pacific

Island region, with 158 herbaria.

The 933 herbaria of the world are found in 669 cities, averag-

ing 1.4/city. Thus, inefficient and wasteful as it may be to

maintain two or more facilities and collections within the same

city, such duplication has been common practice. Historical

precedent or petty institutional sovereignty and politics too

often seem to outweigh the scientific logic and simple econom-

ics of consolidation. Ironically, moreover, it seems to be a uni-

versal fiscal principle of bureaucracies, at least governmental

ones, that two small units often can command greater total sup-

port than one large, consolidated unit.

As mentioned earlier, the herbarium was an almost exclu-

sively European institution for more than 200 years. Then slowly

it was transplanted to foreign soil by European naturalist ex-

plorers turned settlers, and over the years the geographic focus

of active herbarium-founding has tended to shift more or less in

phase with the shifting thrust of European and, eventually.

North American exploration and colonization. An indigenous

tradition did not take hold in North America until well into the

19th centvny nor in Asia and Australasia until as late as the

early 20th century in some parts. Only in quite recent years has

the herbarium become truly indigenous in Africa and South

America.

This shifting focus of activity can be documented statisti-

cally. Table 14 compares the geographical distribution of the

first 100 herbaria founded with the geographical distribution

of the last 100 founded, i.e., counting back from 1963, the most

recent year for which I.H. gives data. Tlie figures, which can

be read directly as percentages, speak for themselves.

During the recent 25-year period from 1939 to 1963, in-
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elusive, 150 herbaria were founded, and North America (includ-

ing Mexico but excluding Central America and the West In-

dies ) led with 42, followed by Africa with 28, Europe with 26,

South America with 21, and Asia with 19. If only the last 10

years of this period are considered, then Africa noses out North

America by one herbarium (9:8). Herbarium-founding has

tapered off greatly in Europe, where on the continent not a

single new herbarium was formed during one recent 5-year

period (1954-59), and several countries apparently have not

founded a new herbarium this century; nevertheless, it is ({uite

remarkable that any herbaria at all are still being started here,

as at Aarhus, Denmark, in 1963. This speaks well for the con-

tinuing vitality of descriptive botany in Europe. In North Amer-

ica, the focus of active herbarium-founding is shifting from the

United States to Canada. A surge of herbarium-building in

Mexico comparable to that taking place recently in Canada has

yet to begin.

Tlie countries of Africa and South America probably never

will experience a herbarium boom to equal that experienced in

Europe or North America. For one thing, Europeans and North

Americans continue to do a large portion of the ti-opical collect-

ing and research and, therefore, to carry most of the spoils of

exploration back to their home institutions. Furthermore, the

present rapid evolution of biology away from the descriptive

stages, the accelerating pace of the race to conclude the botan-

ical exploration of the earth, and the growing worldwide con-

cern about overpopulation and its destruction of our natural en-

vironment —all seem to be foreclosing on any new herbarium

boom of the scale witnessed in north temperate regions by the

last 100 years. The coming of rapid, easy means of transporta-

tion during the present century has greatly stimulated and fa-

cilitated worldwide exploration. Seemingly, however, modern

means of travel have served mainly to aggrandize the long-

established herbaria and have stifled rather than stimulated the

creation of new herbaria, because in a jet age the remotest parts

of the world are but a research grant away from any would-be

collector's home base. At the same time, representing a grow-

ing, unpredictable counterforce, which in many countries

( e.g., in Africa ) already has curbed explorations by foreigners
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and spurred much new, indigenous herbarium-building, is the

rising tide of nationaHsm that generates demands for national

science and scientific institutions.

Obviously, many factors may govern the development of

herbaria within a country. Size of home territorial area may
be least among them, witness Great Britain and the countries of

Europe. By contrast, the huge size and floristic diversity of the

Soviet Union have been major factors in keeping most Russian

botanists at home through the years, while at the same time

this size and diversity have enabled them to amass large and rich

collections ( Shetler 1967 ) . The impact of the land-grant legisla-

tion in the United States, discussed above, demonstrates the

obvious point that the development of herbaria within a coun-

try is closely dependent on the general level of educational,

scientific, and economic development of the country as a whole.

A country that does not have mature scientific traditions and

institutions also will not have well-developed herbaria nor the

scientific and educational fomidations to support them. Every

country goes through a predictable golden age of its own with

respect to the formation of indigenous herbaria, and this curve

is a minor reflection of the country's curve of overall develop-

ment. Political considerations, especially as they have governed

the national and international movements of botanical collec-

tors and their specimens, have often limited the character and

scale of herbarium-building in a country at least for a time. The

prime modern example of this is to be found in China.

Organizational Status of Herbaria

About 59 percent of the world's herbaria are university-affili-

ated, 34 percent government-affiliated, and 7 percent indepen-

dent. This classification does not indicate necessarily the

source of funds. In the United States, for instance, virtually no

public herbarium operates entirely on private funds today;

county, state, or federal funds provide at least some support.

The dominance of university herbaria speaks for the impor-

tance traditionally accorded to plant collections in academic bo-

tancial research and education. The rapid increase of herbaria

in North America during the past 100 years has been due in

large part to the rapid increase of state and provincial univer-
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sities, many of which have botany departments or botanical

gardens with associated herbaria. The influence of the land-

grant acts in the United States has already been mentioned, and

to this should be added the exemplary, early influence of prestig-

ious schools and teachers. Concerning the development of the

herbarium as an integral element of university botany, it would

be hard to overestimate the profound influence of men like Asa

Gray (1810-88) and Liberty Hyde Bailey (1858-1954) or of

the institutions they served. Since the time of Asa Gray, some

of America's foremost academic botanists, indeed scientists,

have been herbarium scholars who have made the university

herbarium a primary locus of research and teaching. In the

United States today, Jones and Meadows (1948) point out,

".
. . almost without exception no first-class university has a

second-class herbarium . . .

.

" "Likewise," they comment, "there

seems to be a very close connection between development and

utilization of the herbarium and the vigor and prestige of a

botanical department." Chaimien of university botanical de-

partments would do well to savor these observations. Surely

the same kinds of comments about the historic role of academic

herbaria could be made for many countries.

When only the 17 largest herbaria, with 2 million or more

specimens each, are considered, then 53 percent are seen to

be government-affiliated, 35 percent university-affiliated, and

12 percent independent. The relatively higher percentage of

government-affiliated herbaria in this group than among her-

baria at large reflects the fact that government herbaria are

often among the earliest to be founded in a country and they

tend to receive greater and more stable support through the

years than other herbaria, enabling them to grow larger than

others.

Types of Herbaria

Historically, it has not been customaiy to develop crypto-

gamic and phanerogamic herbaria as separate institutions, al-

though many general herbaria have been organized into differ-

ent laboratories or divisions for different groups of plants. Ac-

cording to available data in I.H., only about 6 percent of the

world's 933 herbaria are strictly cryptogamic herbaria. Among
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these, however, are some world-famous institutions, including

three with a half-million or more specimens: Laboratoire cle

Cryptogamie, MuseumNational cTUistoire Naturelle, Paris (PC,

1.2 million); Farlow Herbarium of Cryptogamie Botany, Harv-

ard University, Cambridge, Massachusetts (FH, 1 million); and

National Fungus Collection, U. S. Department of Agriculture,

Beltsville, Maryland (BPI, 675,000, including Smithsonian fun-

gus collections). One must hasten to add that there are other

large cryptogamie collections (e.g., at Komarov Botanical In-

stitute, Leningrad, 1 million specimens ) that are not organized

as independent herbaria. In reporting data for future editions

of Index Herbariorum, institutions should attempt to distin-

guish more carefully, the kinds of collections they hold so that a

better picture of the worlds resources by plant groups can be

gained.

Size of Collections

With 724 ( 78 percent ) of the 933 herbaria reporting size of

collection, specimens total about 148 million. If one were to as-

sume that the same average per herbarium ( ca. 205,000 speci-

mens ) holds for the 22 percent not reporting size of collection,

then the extrapolated total for the 933 herbaria would be 190

million specimens. Furthermore, if to the 190 million were

added specimens hidden away in national parks and the small

herbaria of municipal, county, and state or provincial museums,

schools, and parks, then surely the world total for institutional

herbaria would reach 200-225 million and possibly as high as

250 million specimens.

Over 131 million, almost 90 percent, of the 148 million speci-

mens are held by the 22 countries with 9 or more herbaria each

( Table 3 ) . With few exceptions the countries having the most

herbaria also have the most specimens, although the ranking is

different. Some of the European countries that have had her-

baria for a very long time rank comparatively much higher in

number of specimens than in number of herbaria (e.g., Czech-

oslovakia). About 78 million of the 148 milHon siDCcimens are

concentrated in Europe. This is more than double North

America's 36 million specimens, and European herbaria also

average more than twice as many specimens per herbarium as

North American herbaria ( Table 1 )

.
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As a country, the United States of America, with 34 mihion

based on 86 percent of its herbaria reporting size of collection,

leads the world in total number of specimens. It has about a

quarter of the world's specimens (23 percent) as well as her-

baria ( 26 percent
)

( Table 3 ) . Apparently it is the only country

that has more than 20 million specimens. The nearest competi-

tor, France, has less than half as many specimens (nearly 15

million ) ; however, this figure is based on only 57 percent of the

herbaria reporting size of collection, so that the real total could

be well over 20 million. Of the 95 countries for which specimen

totals can be compiled from I.H., 48 report 100,000 or less, and

only 3, including the USA, report more than 10 million. Over a

third of the countries have totals between 25,000 and 250,000

specimens. The average for the 95 countries is just under 1.6

million/country, although only 10 percent of the countries have

totals that fall into the range of die average, i.e., 1-2 million.

Compared by average size of herbarium, the USA, with its

160,142 specimens/herbarium, falls far behind other countries.

The top four countries, their herbaria being the only ones to

average more than a half -million specimens each, are: Swit-

zerland (994,286/ herbarium), Sweden (965,875/ herbarium),

Czechoslovakia ( 650,000/herbarium
) , and France (609,067/

herbarium). These are countries with long herbarium tradi-

tions where the existing network of herbaria has been stabilized

for some time, and few if any new herbaria are still being

formed.

Forty-five countries have at least one herbarium each with as

many as 100,000 specimens; 25 countries have at least one

herbarium with 500,000 or more specimens; 19 countries have

at least one herbarium with 1 million or more specimens; and

11 countries can claim at least one herbarium of 2 million or

more specimens. Only 6 countries of the world —France, Great

Britain, Italy, Switzerland, USA, USSR—can boast at least one

herbarium of 3 million or more specimens (Table 13).

The statistics in Table 15, based on the 724 herbaria report-

ing size of collection in I.H., give a good indication of the size-

class distribution of the world's herbaria. As expected, most

herbaria are relatively small, and few are really large. It ap-
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pears that almost half of the world's herbaria have no more than

25,000 specimens and that almost three-quarters have no more

than 100,000 specimens; about 10 percent have 250,000 or more,

and only about 5 percent have a million or more specimens.

The 39 "big league" herbaria rt^porting 1 million or more

specimens arc listed with appropriate statistics in Table 13 in

order of decreasing size. This list includes 9 herbaria of the

United States, the country with the largest number of herbaria

that have 1 million or more specimens. There are 17 herbaria

with 2 million or more specimens each, and together tliey have

57 million specimens, more than a third of the total 148 million.

The 10 herbaria with 3 million or more specimens together

have a total of 41 million specimens. Thus it would appear that

25-30 percent of the world's herbarium specimens are concen-

trated in 1-2 percent of the world's herbaria, namely, the

world's very largest herbaria. It is certain that at least some of

the 209 herbaria for which collection size is not given in I.H.

(e.g., herbarium of British Museum in London) belong in

Table 13, but there is no way to take these into account. One
must assume that in relative tenns this table gives an accurate

picture of the world's largest herbaria and their holdings and

staff.

The largest herbarium in the world unquestionably is the

herbarium of the Royal Botanic Gardens at Kew near London,

England, which in 1963 could boast a staggering 6.5 million

specimens. Second place is open to question, however. On the

basis of the data in Table 13, the clear choice is the Museum
National d'Histoire Naturellc in Paris //, ignoring the adminis-

trative separation into two herbaria (P and PC), the 5 million

phanerogamic and 1.2 million cryptogamic specimens are

added together to make a total of 6.2 million. On the basis of

the phanerogamic herbarium alone, the Paris museum may
stand in third place behind the Komarov Botanical Institute in

Leningrad, where the phanerogamic and cryptogamic collec-

tions, which are administered as one herbarium, total between 5

or 6 million specimens. The Leningrad herbarium has about 1

million cryptogamic specimens, but there is some confusion

concerning the number of phanerogamic specimens, whether 4

or 5 million {see footnote. Table 13). Inasmuch as cryptogams
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are included in the Kew and Leningrad totals, it seems only fair

that Paris be compared on the same basis. The herbarium of

the British Museum is not included in Table 13, but already in

1951 it was estimated by Lawrence
(

p. 231 ) to have 4 million

specimens. As of 1963, therefore, it might have placed second

or third in size among the world's herbaria. One of the world's

largest herbaria ( ca. 4 million specimens ) until World War II

was located in Berlin, but it was destroyed in the war.

The largest herbaria of the New World are found in the

United States, and it is a matter of interpretation which places

first, second, and third. According to Table 13, the herbarium

of the New York Botanical Garden and the U. S. National Her-

barium at the Smithsonian Institution, Washington, D. C, were,

with 3 million specimens each, tied for first place in 1963.

Frequently, however, the six herbaria of Harv^ard University

(A, AMES, ECON, FH, GH, NEBC), Cambridge, Massachu-

setts, are combined when size comparisons are made, and if

this is done Harvard takes the lead, as of 1963, with 3,540,150

specimens. But if this is done for the Harvard herbaria then the

National Fungus Collection at Beltsville, Maryland (just out-

side Washington, D. C. ), which includes the Smithsonian's

mycological specimens, should be considered part of the U. S.

National Herbarium, and the combined total, as of 1963, was

3,675,000 specimens. If, furthemiore, the other herbaria of the

Washington area ( LCU, MARY, NA, USES) are added to this

figure, then the grand total is 4,335,000 specimens. By the same

token, the 294,000 specimens of the Brooklyn Botanic Garden

should be added to the specimens of the New York Botanical

Garden to give a total of 3,294,000 for greater New York City.

In terms of specimens available within the city, therefore, Wash-

ington is first, followed by Cambridge and then NewYork.

The smallest herbarium on record is located in Siena, Italy,

and had 492 specimens in 1963. It happens also to be the 9th

oldest herbarium in the world, being founded in 1691. This is

the only herbarium reporting less than 500 specimens, although

three others (HNT, SEY, SPH) report just 500.

The general rate of collection growth is difficult if not im-

possible to determine even for a given time period. Clearly the

relative growth rate has been slowing down through the years
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as the bulk of the world's collections has been increasing stead-

ily. Absolute growth, i.e., in terms of actual number of speci-

mens coming into herbaria, has increased greatly over the past

100 years or more as the number of herbaria and botanical col-

lectors has increased, but there is definite indication that even

absolute growth is on the decline now. Compared to the total

of about 124 million specimens registered in the 1959 edition of

Z.H., the total in the 1964 edition is about 24 million higher. The

13 herbaria founded in the period 1959-63, inclusive, report a

total of only 145,000 specimens; obviously, these herbaria do

not account for a significant portion of the 24-million increase.

Between editions of I.H. the U. S. National Herbarimn increased

by about 300,000 specimens or 11 percent, as computed on the

1958 base of 2.7 million. If one assumes that herbaria in gen-

eral increased their holdings by about 10 percent during the 5-

year period (i.e., 2 percent/year), then 12-13 million of the

24 million specimens would represent the growth of collections

in previously registered herbaria. This is about 2.5 mihion

specimens/year, a not unlikely figure for the whole world. The

other 11-12 million of the 24-million-specimen increment prob-

ably are contributed by the more than 150 herbaria reporting

for the first time in the 1964 edition of I.H. even though they

were founded before 1959 and should have been reporting in

1959 or before. Their specimen total does not represent new
growth, except perhaps for about 10 percent of it.

Today, growth relative to the size of existing collections could

be averaging as low as 1 percent per year among herbaria in

general, meaning an annual worldwide increment to herbaria

of 1.5-2.0 million specimens. Probably the rate lies closer to 2

percent per year, however, because some herbaria are growing

several times this rate (e.g., Michigan State University Herbar-

ium, 5-10 percent/year). During the last five years Canadian

herbaria have been growing at an average rate of more than 6

percent/year (W. K. W. Baldwin correspondence, 1969).

Manpoioer

Size of professional staff ranges from 1 to 46, averaging about

4, persons per herbarium and totals 3,158 persons for the 794

herbaria (85 percent of 933) that list one or more staff mem-
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bers. The frequency distribution of the 794 herbaria by size of

staff is as follows

:

1 staff member 199 herbaria 25 percent

1 or 2 members 395 50

5 or less members 640 81

10 or less members 742 93

11-46 members 52 7

Only 11 herbaria, listed in Table 16, report 20 or more staff

members ( as of 1963 ) . About 75 persons ( 2.4 percent of 3,158

)

are listed for two jobs in I.H., so that the total number of dif-

ferent individuals is under 3,100 and the average is about 3.9/

herbarium. (Double employment cannot be distinguished

easily from accidental duplication; see "Source of Statistics.")

Extrapolating with this average, one concludes that the full 933

herbaria are in the care of more than 3,600 individual curators.

If 2-3 percent of the 3,600 serve in two capacities, then the

total number of professional positions occupied is over 3,700.

Distribution of herbarium staff by continent or region is

shown in Table 2. The largest concentration is in Europe ( 36

percent). North America (25 percent) takes second place, fol-

lowed by South America (11 percent). If the data for Asian

herbaria were more complete, this continent probably would

place third. There are 96 countries out of the total 104 for

which the staff members of at least one herbarium are listed in

I.H. Of the 96 countries, 37 report 5 or fewer staff members,

while 73 report 25 or less; 9 countries report more than 100 staff

members. Only two countries, the United States with 667 and

France with 220, report more than 200 staff members. The

USAhas over 21 percent of the world's herbarium force, based

on these statistics, and France has 7 percent. ( By comparison,

the USAhas 26 percent of the world's herbaria and 23 percent

of the specimens, while France has about 5 percent and 10 per-

cent, respectively. ) The 21 countries that lead in total number

of staff are among the 22 countries that lead in total number of

herbaria, listed in Tables 3 and 4, although the ranking differs,

as can be seen in Table 4. Finland, included in the tables, has

30 curators and ranks 23rd in staff size, whereas Belgium, not

included in the tables, has 31 curators and ranks 22nd in staff
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size. Except for Belgium, therefore. Tables 3 and 4 include all

countries with 30 or more staff members as of 1963.

Few if any of the world's herbaria would claim to be staffed

adequately, and almost every curator would consider himself

overworked. Yet there arc no absolute standards by which one

may judge the adequacy of professional ( or technical and cleri-

cal) staffing. Instinctively, one can say that any herbarium

with less than one full-time curator is understaffed or that any

person holding down two curatorial positions, as about 2 per-

cent of the world's curators apparently do, is overworked. Say-

ing this hardly sheds light on the general question. There are,

however, two useful ratios that measure objectively the relative

adequacy of staffing of a herbarium or country: (1) average

number of specimens per curator, and (2) average number of

curators per herbarium. Thus herbaria or countries can be com-

pared with each other or with the world as a whole by their

specimen: curator ratios. Likewise, countries can be compared

with each other or with continents or the world as a whole by

their curator: herbarium ratios. To be sure, these ratios may bear

little relationship to the level of activity in particular cases,

especially where a significant fraction of the curators identified

with an institution or country are not actually engaged in her-

barium research and curation; nevertheless, these ratios are the

only objective measures of staffing we have. Other factors

being equal, an above-average curator: herbarium ratio reflects

a favorable staffing situation, while an above-average speci-

men: curator ratio, i.e., more than the average number of speci-

mens per curator, reflects an unfavorable staffing situation.

Average curator: herbarium and specimen: curator ratios

are given in Table 2 for continents or regions and Table 4 for

the 22 countries with the most herbaria. As already mentioned,

there is an average of 4 curators/herbarium among the 794

herbaria reporting staff. South America, as a continent, leads the

world with an average of 5.5 curators herbarium, followed by

Europe with 5.0/herbarium. North America trails with 3.0/

herbarium. Among the 22 top countries, the Netherlands leads

with 10.9 curators/herbarium, while the United States trails

with 3.0/herbarium. The favorable South American ratio ap-

pears to reflect aggressive herbarium growth on this continent



Natural histonj collection sijmposium. Ill

and also a liberal concept of reckoning staff
( see below ) . The

relatively high European ratio seems to be a more authentic rep-

resentation of the true situation.

The average number of specimens/curator among the 794

herbaria is about 47,000. The herbaria of the British Isles lead

the world with an average of almost 95,000 specimens/curator,

while continetal European herbaria follow with 78,000/cu-

rator. The lowest ratio is to be found in the West Indies, where

each man curates an average of about 6,000 specimens. Ignor-

ing Madagascar, where there are only 3 herbaria, the second

lowest average for a large region, about 10,000 specimens/man,

is found in South America. By country, Switzerland leads with

about 170,000 specimens/man, followed by Czechoslovakia

( 134,000/man ) and the USSR (87,000 /man). The high ratio

of specimens to curators in Europe and the British Isles reflects

the existence here of old, very large herbaria. In general, the

European countries rank above average both in curators to her-

baria and in specimens to curators.

In North America, the United States, with about 50,000 speci-

mens/man, ranks near the world average, while Canada, with

19,000/man, and Mexico and Central America together, with

about 10,000/man, rank well below the world average. On the

basis of curators/herbarium, the United States, Canada, and

Mexico and Central America all rank below the world average

at 3.0, 3.2, and 3.3, respectively. Among North American her-

baria, therefore, those of the USAare the least well staffed.

As a group, the world's largest herbaria appear to be se-

riously understaffed. The 17 herbaria with 2 million or more

specimens (Table 13) have among them 38 percent of the

world's 148 million specimens but only 8 percent of the world's

3,158 curators. The 11 herbaria with the largest professional

staffs (20 or more members each) have 19 percent of the

world's herbarium specimens but only 11 percent of the world's

curators. If one computes ideal professional staff size for these

11 herbaria on the basis of the worldwide average of about

47,000 specimens/curator, the results, given in Table 16, are

very interesting. By this standard some herbaria prove, as

expected, to be grossly understaffed, but others, suiprisingly,

seem to be even more grossly "overstaffed, " if indeed one may
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speak of any herbarium being o\'erstaffed. Certainly the staff

figures of individual herbaria must be regarded with some

skepticism and be inteipreted in the most cautious, relative

terms, because of the lack of uniformity among institutions in

reckoning who is a professional staff member. Thus, for ex-

ample, the herbaria at Montpellier, Sao Paulo, and Buenos Aires

report essentially all faculties of their respective botanical

institutes instead of just those persons who actually might

be considered to belong to the professional curatorial staff.

Probably Kew ranks first in number of authentic herbarium

staff, which means that the largest staff in 1963 totalled

about 40 professional persons. Despite individual discrepan-

cies, it is noteworthy that the 11 herbaria as a group have only

about half (56 percent) of the professional staff that they

should have to meet average conditions.

It may seem unfair to measiue the adequacy of staffing in

large and small herbaria by the same specimen: curator ratio,

because the small herbarium must have a relatively larger staff

for its size than the large herbarium. The maintenance of any

herbarium, regardless of its size, entails certain basic curatorial

tasks and functions, and minimum staff size, obviously, is one

person. The larger the herbarium, the more efficient it becomes

in terms of nimiber of specimens that a curator can manage.

Tending to counteract this gain in efficiency, however, is the

greater workload of the large herbarium, wliich gains in sei"vice

responsibilities to the scientist and layman as it gains in size

and thereby general usefulness and visibility. It is problemat-

ical, therefore, whether the large herbarium should be mea-

sured by a different specimen: curator yardstick than the small

herbarium.

For purposes of discussion I have assumed until now that

the more than 3,000 persons listed in I.H. are all professional

curators, because there has been no other firm basis on which

to analyze professional manpower in the world's herbaria. In

fact, as already indicated ("Source of Statistics"), this is not a

safe assumption. While the I.H. figures may give a roughly ac-

curate picture of the number and deployment of the world's

herbarium-affiliated botanists, although even this can be dis-

puted, given the kind of peripheral scientific staff that one
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finds listed for some herbaria, quite clearly the more than 3,000

persons who are listed for the 794 herbaria reporting staff do

not all engage actively in curatorial work or work that can be

construed as contributing directly to the building and mainte-

nance of these herbaria. Many are associated researchers or ad-

ministrators who have few if any routine curatorial responsibili-

ties. This is not to denigrate the essential, if sometimes indirect

or intangible, contribution of such personnel to the well-being

of the collections and the scientific life of the herbarium. Yet it

should be recognized that probably no more than 1,500 to 2,000

of the approximately 3,000 staff are really curators. The extrap-

olated figure for all 933 herbaria would be 1,800-2,400 cu-

rators.

Finally, professional staff represent only part of the world's

herbarium manpower. To their number must be added the

technical and clerical supporting staff. At the U. S. National

Herbarium, the ratio of supporting to professional staff has

tended in recent years to remain at about 1:1. This certainly

is neither the best nor the worst ratio among the world's her-

baria. If for comparative puiposes we may assume that it is an

average ratio, then all figures given for professional staff should

be doubled to project total herbarium manpower. It seems Hkely

that upwards of 7,500 persons, working in one capacity or an-

other, are employed in the 933 herbaria treated in I.H. Consid-

ering that these 933 herbaria could represent a fifth or less of

the world's public institutional herbaria
(

see "Source of Statis-

tics"), one must conclude that at the least there must be well

over 10,000 persons employed in herbarium-related work
(

pro-

fession, technical, or clerical) and at the most there could be

upwards of 35,000 or even more persons manning the world's

herbaria. Probably the tioith lies somewhere between these ex-

tremes.

The Modern Predicament

On 8 May 1964, a symposium was convened at Michigan

State University on the theme "The Herbarium in the Modem
University' to dedicate new quarters for the university's herbar-

ium, founded in 1863. (These quarters, in a renovated old build-

ing, had been occupied since the summer of 1963. ) The event

was a resounding success. On short notice, 160 persons, rep-
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resenting 49 institutions, attended. Tlius the taxonomic com-

munity responded to this herbarium pulse-taking with a vital-

ity that few would have predicted. Later, when the symposium

was published, John H. Beaman, curator of vascular plants and

organizer of the symposium, could write ( Beaman, Rollins, and

Smith 1965, p. 113), "The attention which the program at-

tracted was an effective demonstration of the high level of cur-

rent interest in the herbarium as a resource for taxonomic

teaching, research, and service." As local administrators said

convincingly what their subordinate curators wanted to hear

and as the speakers optimistically tallied up several hundred

years of achievements, pointing to unprecedented growth and

activity at present, those attending found themselves engulfed

in a euphoria of hope and prosperity. The National Science

Foundation, indispensable patron of American science, was

duly represented by the director of the Systematic Biology Pro-

gram, who then was Walter H. Hodge, himself a botanist. Dr.

Hodge presided and, while acknowledging such chronic and

worrisome problems as inadequate public understanding, fi-

nancing, staffing, and facilities, was able to conclude his sum-

mation on an upbeat with the welcome appraisal that the her-

barium today is "progressing rather than regressing."

During the first week of September 1968, just five years after

the renovated building had been occupied, a demolition crane

moved into position, and its great iron ball began swinging.

In exactly one-half day, less time than it took for the dedication,

the building that was opened with fanfare and great hopes in

May 1964 was reduced to a pile of rubble! The pendulum of

progress had swmig, pulverizing a modern university herbar-

ium "to make way," in the words of Fortune magazine writer

Duncan Norton-Taylor ( 1967 ) , "for the driveway to the new
Administration Building." For the second time in six years the

whole collection of plants had to be moved, at last to truly new
quarters, but again at great cost in effort and lost research time.

To be sure, I have not told the whole truth. The curators

knew when they first occupied it that this newly renovated

building could serve only as an interim home for the herbarium

during the indefinite period between vacating the original

quarters and moving into some permanent quarters yet to be
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planned and built. They did not know how very temporary the

interim quarters were to be. Now the herbarium is located in

the recently built Plant Biology Laboratories, where it occupies

twice as much floor space as it had occupied in its original

quarters. So well off is the herbarium, in fact, that for the first

time its fortunes are even cause for a certain amount of envy

at the university.

But is this momentary good fortune illusory? The present

quarters also are a temporary refuge —hopefully for no more

than 10 years. A truly permanent home is to be provided some

day in a new museum building not yet begun. Furthermore,

the tvv'o curators who are mainly responsible for developing and

maintaining the herbarium (Beaman and H. A. Imshaug, cu-

rator of cryptogams)-' must rvm a full research and teaching pro-

gram for graduate and undergraduate students while also trying

to manage a collection of more than 200,000 specimens, to

which are accessioned about 10,000 specimens/year. This is

100,000 specimens/ man, twice the national average, and at this

rate of accessioning the herbarium should be gaining a new pro-

fessional staff member every 4-5 years.

The Michigan State University Herbarium certainly is

not impoverished; neither are the responsible university ad-

ministrators myopic. Quite to the contrary, it is a university

herbarium of unusual vitality with indefatigable curators and

with administrators who thus far have demonstrated uncom-

mon understanding and foresight. Yet this is precisely the

point: the university herbarium today (indeed the herbarium

in general) seems at best to lead a fragile existence, and no

amount of activity and leadership can cover up the ever-present

stresses and strains that threaten this existence constantly. As

Beaman (1965, p. 113) writes, "The herbarium is the oldest,

most essential, most expensive, and most difficult to develop of

all facilities for the study of systematic botany. Consequently,

the occupancy of new quarters by a herbarium, however mod-

est, is an event of note." Wrapped up in his words is the para-

dox of the herbarium, especially in the university setting: es-

9 This is a good case in point of how the number of staff listed in Index Herbar-

iarum may bear Httle relationship to the number actually responsible for most or all

of the curating. Of the 10 persons listed, only 2 (Beaman and Imshaug) were, as

of 1963, carrying much of the burden of curation.
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sential but too expensive to be developed, accommodated, and

maintained adequately. The elements of crisis or collapse,

namely, collections that continually are outgrowing facilities,

staff, and other resources and a science that constantly is chang-

ing, are always present. The slightest erosion, therefore, of the

historic scientific and intellectual foundations of the herbar-

ium can precipitate instant crisis, and this is what we seem to

be witnessing with increasing frequency as classical botany

comes under the molecular gun. Confused by challenges of the

scientific worth of the herbarium, administrators may need lit-

tle persuasion to decide that the herbarium is an expensive, lat-

ter-day white elephant, which in terms of resources demanded
is a facility that drains more than it adds to a modern science

program.

Tlie Michigan State University symposium dealt only with

university herbaria. In the international commerce of taxo-

nomic research, however, the large nonuniversity herbaria are

crucial institutions. What then is the state of affairs in such

large herbaria as the U. S. National Herbarium at the Smith-

sonian Institution? Today, with 3 million specimens, it is one of

the ten largest herbaria in the world and one of the three larg-

est in the New World. The bulk of these specimens has l:)een

accumulated during the present century. As Stern ( 1966, p. 8)

has said, "it is a safe assumption . . . that there is no serious re-

search of any scope which can be executed in systematic botany

in the United States without some recourse to the plant speci-

mens of the U. S. National Herbarium." One might amend this

statement by saying that any taxonomist in the world wishing

to conduct serious research on temperate North American

plants surely will need to take recourse to collections of the

U. S. National Herbarium, among others in the United States,

at some time during his study.

By some standards the U. S. National Herbarium has often

seemed the rich uncle among herbaria in the United States. As

the largest of the few American herbaria with direct access to

appropriated federal funds, it appears to occupy a favored posi-

tion.^" During the past few years the Smithsonian's Depait-

10 Direct appropriation is not the only form of federal support in the USA. Since

the National Science Foundation was formed, large, though inadequate, amounts of
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ment of Botany has indeed experienced unprecedented growth

and prosperity. In 1965, the department and its herbarium

were able finally to occupy new quarters, a move culminating

years of dreams. A year later hopes were raised ( Stern 1966

)

for the acquisition of new metal cases to replace the more than

2,200 archaic, inefficient wooden cases, which are not insect-

proof. For the first time in history the National Herbarium

seemed to be heading toward a fully modern facility, even if,

as at Michigan State University, the quarters were hardly de-

signed for a herbarium ( e.g. a plant-drying facility was not in-

cluded in the plans!). The staff of full-time professional bota-

nists had grown to an all-time high of 16.

Already this hard-won improved status has begun to erode, as

the inexorable growth of the collections continues without a

concomitant increase in space and staff. At present, in fact, the

department has a smaller full-time professional staff (
13)^' and

less available office space (1.2 rooms/ man instead of the orig-

inal 2/man ) , which is occupied to the point of crowding, than

when it moved in 1965. Although the specimens per curator

ratio is only one index of staffing adequacy, yet it is significant

that on this basis the department should have about five times

its present number of full-time curators, to say nothing of sup-

porting staff (Table 16), just to meet average conditions. The

professional botanists continue to do much of the routine cu-

ratorial work because of the perennially unfavorable ratio of

curatorial assistants to curators which temporarily may reach

as high as 1:2 but usually is 1:3—4. Owing largely to understaff-

ing, some 200,000 specimens, as many as the Michigan State

University Herbarium comprises altogether, must remain in

dead storage, freezing nearly a fourth of the available storage

cases. Specimen storage space probably will reach saturation

conditions in the herbarium in less than 10 years, by which time

federal support have been granted to many American herbaria for research and faciH-

ties. This fact sometimes is overlooked, and the myth arises that the National Herbar-

ium is the only federally suiaported herbarium in the USA.

11 This number, unlike the figure of 21 in I.H., excludes resident emeritus curators,

honorary research associates, collaborators, postdoctoral associates, and long-term

visiting scholars who usually swell the professional ranks by 10—15 persons a year but

do not have obligatory curatorial responsibilities, although frequently they contribute

much help. It includes, however, several full-time staff botanists of the department

who have little or no responsibility for the collections.
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virtually all working space in the herbarium will be occupied

by cases. Some parts of the herbarium already are so over-

crowded that specimen filing is difficult if not impossible. The
effort to replace the wooden cases in toto collapsed, and as of

today only a relatively few have been replaced.

Meanwhile, the National Herbarium continues to be very ac-

tive, and the workload only increases. Over the 10-year period

from 1958 to 1967, about 700,000 incoming specimens— 41,000

to 120,000/year and averaging 70,000 ^year —have been proc-

essed as gifts, exchanges, or specimens collected by or for the

herbarium's botanists. During the same period, 20,000 dupli-

cate specimens/year of the 70,000 have been turned around and

sent out on exchange, while 37,000 specimens/year have been

mounted for addition to the herbarium, leaving about 13,000/

year that of necessity have gone into dead storage. Thus some

50,000 specimens have been retained, which means that every

year the herbarium should be adding at least one new profes-

sional botanist and commensurate supporting personnel just to

cope with the inflow and processing of material. Incoming ex-

change has averaged 25,000 specimens /year, leaving an ac-

cumulating exchange deficit of 5,000/year. Duplicate exchange

usually is a deficit operation for the large herbarium, which by

virtue of its size and importance must cooperate in many more

exchanges than the small or medium-sized herbarium. To at-

tempt to balance the books is futile: the more specimens sent

out, the more that come back, and the total inflow always seems

to outstrip the outflow. If, therefore, the National Herbarium

suddenly were able to find the extra 5,000 exchange duplicates

each year to meet the deficit, any balance would only be mo-

mentary, because the cooperating institutions would be stimu-

lated quickly to send us still more specimens, perhaps doubling

or tripling our annual deficit. Loans for research also have in-

creased steadily from the 16,700 specimens borrowed from the

National Herbarium in 1961 to the 41,500 sent out in 1967,

averaging about 25,000/year over the 1958-67 period. Finally,

requests for identifications keep rising, and nearly 180,000

identifications were made over these 10 years. In short, the

National Herbarium, like any large herbarium, is big business.

To a greater or lesser extent, nearly every herbarium in the
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world is faced with the problems, dare I say predicament, of

the Michigan State University Herbarium or the U. S. National

Herbarium (e.g., see Rollins et al. 1967-68). Regardless of the

category of transaction, there seems to be no way to stem the

rising workload and service demand. At the same time the in-

tellectual foundations of the herbarium seem to be crumbling

within science today with an ever-increasing tempo making it

harder and harder for herbaria to justify and secure the kind of

support needed. Given the intensifying predicament, serious

crisis cannot be far away. It is regrettable, therefore, that in-

ner-circle conclaves like the 1964 symposium do not, for all

their timely challenges and encouragements, challenge any of

the sacred cows or age-old premises of the herbarium mentality.

The handwriting, it would seem, is on the wall, and the mes-

sage should cause concern if not alarm. If through rosy glasses

a move to new quarters means growth and prosperity, plain

sight might reveal that it really means harassment and retrench-

ment, with the collections being chased from one temporary

asylum to another, never gaining a permanent berth in their

own right and always being put out of mind administratively by

another wishful promise. It is becoming critical, surely, for cu-

rators to inteipret the signals correctly.

Clearly it is time to establish new relevancies and strategies

for the herbarium. Considering that herbarium growth poten-

tially is limitless, it is not surprising that the kind of statistics

cited above give administrators uneasy feelings. Unless there

are new objectives with rational limits and strategies that go

beyond merely asking for bigger and better facilities, the cur-

rent predicament is likely to deepen into an insoluble crisis, lo-

cally and generally.

Economics Of Herbaria

Investments and Costs

To my knowledge, a thorough analysis of capital investment

and cost of operation has never been made for herbaria. This

important task will require lengthy study to produce complete

and reliable results, and herbaria, at least on a national basis,

should attempt it as a basis for seeking more federal support. It
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is, in fact, an almost impossible task, given the great variation

of facilities and expenditures from one herbarium to another,

not to mention the problem of currency differences between

countries. My cost analysis, which is rough and sketchy, is based

on extrapolation from the situations at the Michigan State Uni-

versity Herbarium and especially at the Smithsonian's U. S. Na-

tional Herbarium. I may be presumptuous to attempt this, but

surely some hints of costs are needed.

Tlie cost of herbarium space and equipment is ap-

proximately $50/sq. ft. at Michigan State University and

approximately $100/ sq. ft. at the Smithsonian Institu-

tion, where, however, the density of stored specimens per

square foot is about double that of Michigan State. Con-

sequently, the static cost of housing specimens is about $2/speci-

men in both cases. Projected on a national scale at this rate, the

capital investment for herbaria in the United States is at least

$70 million today, and the worldwide investment is nearly a

thii'd of a bilHon dollars. Even if the average cost were only

$l/specimen the worldwide investment would be $150 million.

In any herbarium, the specimen storage cases are the main

item of equipment. The U. S. National Herbarium housed its 3

million specimens as of 1963 in about 2,200 cases. ^- Figured at

$100/case, which was the minimum cost of replacement at that

time, these 2,200 cases represented an investment of almost a

quarter of a million dollars. Using the National Herbarium's

average of about 1,350 specimens/case, one can extrapolate,

and on this basis the USA had some 25,000 cases as of 1963,

while there were about 110,000 in the world. (Phanerogamic

specimens average only about 1,000/case, whereas some of the

cryptogamic groups average more than 1,350/case.) At $100/

case or its equivalent in other currencies, these totals represent

investments of about $2.5 million in the USAand about $11 mil-

lion in the world.

Overall operating expenditures vary from year to year and

herbarium to herbarium. One of the problems of cost estima-

tion, given the budget of a herbarium, is to separate research

costs from curatorial and herbarium-service costs. Thus, for ex-

ample, the Smithsonian's Department of Botany operated with

^2 Each case has 24 compartments.



Natural history collection sijmposium 721

about $400,000 in Fiscal Year 1968 (July 1967-June 1968), in-

cluding granted as well as appropriated funds, which averages

over $0.12/specimen for the approximately 3.25 million speci-

mens on hand by this time. These funds covered salaries and

operating funds for all research and curatorial activities, how-

ever, and probably no more than half of the total sum, i.e.,

about $0.06/specimen, was expended to support the U. S. Na-

tional Herbarium per se. For Fiscal Year 1968, therefore, one

might extrapolate that the USA spent at least $4 milHon on the

nation's herbaria, including research and curation, and that at

least $2 million of this went directly to the support of herbarium

curation and service. The comparable figures for the whole

world would be nearly $20 million and $10 million, respectively.

Tlie routine operation of a herbarium includes accessioning,

loaning and borrowing, exchanging, sorting and filing newly

mounted specimens, identifying plants, answering public en-

quiries, and other activities. Figures on a few of these opera-

tions will indicate how rapidly the expense of operating a her-

barium mounts.

The cost of sorting and filing newly mounted specimens var-

ies greatly, depending especially on the training and experience

of the person who does the work. Other things being equal, a

professionally trained botanist can sort and file much more

rapidly and efficiently than a technical assistant, but in either

case the speed and efficiency are direct functions of experience.

The botanist will earn two or three times more money per hour

and should, therefore, be three or four times more efficient than

the technical assistant, but this is not likely because the bota-

nist will file less mechanically and will take time out to solve

more problems. At the U. S. National Herbarium, where sort-

ing and filing are shared by botanists and assistants, it costs a

minimum of $0.10/specimen and an average closer to $0.15/

specimen for the whole process, wliich, for 50,000 specimens/

year, represents an annual bill of $5,000-$?, 500 or even more.

Extrapolating on the basis of $0.15 specimen and assuming

that the annual growth rate of collections is about 1.5 percent

{see "Size of Collections"), one can estimate that the yearly

cost of sorting and filing newly momited specimens is a mini-

mumof $75,000 in the USA and $330,000 in the world. These
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calculations also assume, for the sake of argument, that all

newly accessioned specimens are being mounted and filed

promptly.

Loan transactions constitute big business at the U. S. Na-

tional Herbarium, where today about 1 percent of the total

collection goes out on loan in a year. Personnel of different

levels are required to process these loans, but the total cost, by

my estimation, is equivalent to a professional man-year at

$13,000-$ 15,000. Tims the cost averages upwards of $0.50/

specimen. Extrapolating, the annual rate of loaning would be

about 350,000 specimens in the USA, costing about $175,000,

and about 1.5 million in the world, costing about $750,000.

These are, of course, very rough estimates.

The cost of public service is, like all other activities of the

herbarium, difficult to estimate. One important facet of public

service is plant identification. During the most recent 10-year

period for which there are statistics, the U. S. National Herbar-

ium averaged about 18,000 identifications/year for professional

and lay persons. This represents less than half of the requests

actually made. At a very minimum this identification sei"vice

has cost $l/specimen, and a more realistic average figure would

be at least $2-$3/specimen. The rate depends on the percent-

age of the identifications made for professional persons, who re-

quire an authoritative precision not required by the public. By
the time he consults both the collections and the literature, a

botanist not infrequently spends an hour or two on a single

specimen; therefore, the cost can mount quickly to $5-$20/

specimen. In recent years, some Smithsonian botanists have

identified up to 4,000 specimens/year, mostly for professional

colleagues. Taking the rock-bottom figure of $l/specimen and

the rate of identification of the National Herbarium, I estimate

the annual bill for the USA to be something over $200,000 and

for the world about $1 million. The true costs are probably

double these figures at least.

Dividends

One would be foolish to attempt to put a dollar figure on the

full value of the herbarium to science and society, because in

a very real sense this value is incalculable. At the same time.
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herbaria do cost big money, as we have seen, and the pubHc has

the right to ask, as it frequently does, what the payoff is. Cura-

tors are justified, therefore, if not duty bound, to consider what

dividends can be reaped from their collections and activities.

The worth of the herbarium to the scientific community can

be evaluated in part by the amount of money invested in her-

barium-based research. With respect to the United States, some

interesting data on research investment can be found in the

statistics of the National Science Foundation. Over the last six

years ( 1963-68 ) , the NSF, through its Systematic Biology Pro-

gram, has awarded grants totalling $10,653,500 for studies in

systematic botany ( excluding viruses and bacteria ) . This is an

average of almost $1.8 million/year, and during the last two

fiscal years (1967, 1968) the amount awarded has averaged

about $2 million/year. Of the money awarded, about 40 per-

cent ( $4.25 million ) has gone to floristic and monographic stud-

ies, which are vitally dependent on the herbarium, while

another 40 percent has gone to studies that are much less de-

pendent on the herbarium but are likely to require it at some

stage just the same. In other words, about 80 percent of the

money awarded has gone into researches that are to some de-

gree herbarium-based. This represents about $1.4 million/year

or, if only floristic and monographic researches are considered,

about $0.7 million/year. The above figures are based only on

grants made by the Systematic Biology Program. It must be

added that environmental and other biologists who receive

grants through other NSF programs frequently conduct re-

searches that require the use of the herbarium. The money

spent through the Systematic Biology Program represents,

therefore, only the most direct and visible of NSF's investments

in herbarium-based research.

Much herbarium-based research is done in the United States

each year without financial support from the NSF. There prob-

ably are about 1,000 plant systematists in the United States. On
the basis of the past two years the NSF would seem to be sup-

porting only about 14 percent of these American taxonomists

(about 140 out of 1,000). (To the 80 new grantees each year

must be added about 60 continuing grantees; the average grant

lasts about 21 months. ) The 14 percent have been commanding
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nearly $2 million /year, l)ut they constitute the "rich cousins" of

the taxonomic fraternity. Probably, the other 86 percent do not

average more than 10-15 percent of the almost $15,000/man/

year that the NSF-snpported scientists have available for re-

search. At 10 percent or $1,500 man for the other 86 percent,

the annual investment for research in plant systematics in the

United States becomes $3.3 milhon ( $2 million from NSF for 140

systematists + $1.3 million from other sources for 860 systcma-

tists). The 10 percent estimate could be much too low, of course.

Carrying our extrapolation to its conclusion, we can estimate

that SO percent of the $3.3 million, i.e., $2.64 million, goes into

herbarium-based researches of some type, while 40 percent, i.e.,

$1.32 million, goes to the support of floras and monographs,

which cannot be produced without the herbarium. Thus a $70

million herbarium investment supports $2.64 milHon worth of

research each year, although much more research could be sup-

ported annually with the same investment.

There is another means of evaluating the worth of the Iier-

barium to science in America. Given that the existence of the

herbarium is vital to the existence of the discipline of plant sys-

tematics, we can say that in the United States today's 1,000 sys-

tematists are supported as a research fraternity by the $70 mil-

lion herbarium investment. At an average salary of $12,000/

year, the annual price tag of this fraternity is $12 million. Add
to this the $3.3 million used to pay for their research, and we
have a scientific enterprise costing $15 million annually that

could not exist as we know it today without the historical in-

vestment in the herbarium.

The cost of a service is also a measure of the value of the ser-

vice rendered. Thus in the previous section ("Investments and

Costs" ) the costs to herbaria of storing and lending specimens

for research and of identifying plants for scientists and the pub-

lic, which probably are the two most important services of the

herbarium, are discussed.

The public user community is essentially the citizenship at

large, and its dependence on the herbarium can only be evalu-

ated in terms of specific kinds of requests such as for plant iden-

tifications. At any large herbarium, identification, like speci-

men lending, is big business. The annual bill for identification
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would be much higher if the manpower were available to meet

the real demand.

Changing Role Of Herbarium

Historically, herbaria were the personal collections of private

individuals who preserved plant specimens to document cere-

monial or medicinal uses or to satisfy cultural or scientific curi-

osity. Tlie collector, if a serious scholar, was both scientist and

curator. He traded duplicate specimens with colleagues as a

means of diversifying his own herbarium and of notarizing his

own finds. A man of means ( e.g., of royalty) could hire a cura-

tor and commission collectors to obtain the necessary speci-

mens for duplicate exchange, but his herbarium remained a

personal property for his own amusement and his curator's, if

not his own, study.

The emergence of botany as a science in the 17th and 18th

centuries invested dried plant collections with a new signif-

icance and thereby brought about the institutionalization of

the herbarium. Private collecting has never ceased, of course,

but today the herbarium is highly institutionalized. Not only is

the herbarium an essential scientific institution, but in the or-

ganizational sense it has become a public institution, governed

by museums, universities, botanical gardens, and other cor-

porate bodies. The modern herbarium, in addition to being a

place of research, is a large service bureau. As already indi-

cated several times, herbaria in the aggregate represent big

business, and running a major herbarium calls for businesslike

methods. The private little collections that once could be known

in their entirety and be managed "out-of-pocket" by their sole

curators have become so massive in many cases that no single

curator could hope to know their limits or to discharge all their

tasks. Large herbaria require the cooperation of several to

many curators.

The fact is that although more than four centuries have passed

since the first institutional herbarium was fonned curatorial

mentality and practice are still characterized strongly by the

personal entrepreneurship of a private collector. The transition

from the personalized, private herbarium to the collective, pub-

lic herbarium, with its corporate research and service responsi-
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bilities extending over many generations of curators and citi-

zens, has been made imperfectly at best in most instances.

Curators, whether they have curated a small herbarium or

some part of a large herbarium, have always tended to shape

their collections according to their own scientific and manage-

ment concepts. Often too little thought has been given to the

implications of being part of a much larger system that must

survive the lives and whims of individuals. Small, one-man

herbaria may be able to withstand the consequences of genera-

tion after generation of subjective curation, but large herbaria

must have objective standards or in time they become a hodge-

podge of curatorial idiosyncrasies. Thus, a large herbarium, in-

stead of being curated by a uniform, generalized system, may
be curated as several autonomous or semi-autonomous fief-

doms. Sometimes each fiefdom has its own familial and generic

concepts or filing system.

Some subjectivity is essential, of course, because in the final

analysis the herbarium is not only a facility and a resource but

also an instrument of taxonomic research. If the instrument has

shaped the science, so has the science shaped the instrument.

The science of systematic botany itself is changing, however,

and becoming less descriptive. As it becomes less descriptive,

it tends to become less subjective; therefore, the herbarium

should become less a subjective instrument of research and

more an objective source of information. Such evolution in

function demands new groimd rules for collection l:)uilding and

management.

The life cycle of plant taxonomy, whether one thinks of the

historical development of the science or of the knowledge about

a particular flora or group of plants, has had at least four rec-

ognizable phases thus far ( cf . Valentine and Love 1958 ) : de-

scriptive ( exploratory ) , f loristic-phytogeographic, systematic,

and biosystematic (including chemosystematic). A fifth, eco-

systematic phase is just beginning. These are relative states

of progress in the development of taxonomic knowledge, of

course, and as such describe not only chronological stages in

time but also phases of activity going on simultaneously within

the taxonomic community at any given period of time. Collec-

tion building has tended to reflect this changing cycle of taxo-
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nomic approaches, i.e., the character of the collections being

accumulated has been influenced by the type of taxonomy

being done. Obviously, there is no perfect system for arranging

the herbarium so that it will serve these five phases —or any

other phases —of plant systematics equally well, nor can a cura-

tor change the physical arrangement of his herbarium to con-

form to the latest thinking every time some new research fad

comes along. The bewildering array of systems and partial sys-

tems in use among herbaria today, which often are long since

outgrown or overgrown and of which no two seem to be alike,

stand like ancient shipwrecks as mute testimony to the naviga-

tional errors of past curators who tried to keep pace with the

times by arranging part or all of their collection according to

current taxonomic concepts, only to have these concepts change

faster than they could rearrange the specimens consistently.

The herbarium first became a scientific institution when tax-

onomic botany, indeed all of biology, was almost entirely de-

scriptive, and the principles of organization and use established

then have largely dictated practice ever since. Through the

years botanical exploration has been a chief stimulus for herbar-

ium-founding, witness the geographical shift of focus of new
herbarium development from Europe to North America and

Asia and thence to Africa and South America in phase with the

general exploration and development of these regions of the

world. During the descriptive-exploratory stage the herbarium

takes shape as a repository of exemplars of the new forms of

plant life coming off the collector's conveyor belt from exotic

regions. The descriptive or alpha taxonomist deftly and expertly

sorts from this conveyor, sifting the known from the un-

known. Tlie known are filed and the unknown are described

and published as quickly as possible. At this stage the para-

mount function of the herbarium is to provide, for purposes of

identification and diagnosis, easy and logical access to the ex-

emplars of already-described taxa, and the primary task of the

curator-taxonomist is to keep his incoming material described

up to date, which requires that he know his previous collections

intimately and have them neatly classified and filed away.

The curator who likes to assign a place to every speci-

men has little difficulty in doing so while the herbarium is
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high on diversity and low on variabiHty in its representation of

the plants in nature. As soon as a second specimen of a known
taxon appears, however, the exemplar approach begins to break

down, and each succeeding specimen further erodes the homo-

geneity of the taxon and complicates the task of identification

and novelty-recognition. Therefore, specimens additional to

the types not only have less value intrinsically than the types

but also constitute in reality a nuisance factor because they ob-

fuscate the nice boundaries that could be drawn on the basis

of single exemplars. The pigeonhole mentality is difficult if

not impossible to outgrow. For purely practical reasons every

specimen must have a place to rest, and, regardless of the phase

of taxonomic development, identification, comparison, and

diagnosis tend to remain the primary functions of the herbarium

and therefore dictate its arrangement. By the same token, the

herbarium botanist faces the danger of becoming trapped with

these functions, never having a chance to indulge in the broader

aspects of systematics.

Once the majority of the novelties have been discovered, at-

tention turns to floristics and phytogeography. In this second

phase of taxonomy the curator-taxonomist monitors the con-

veyor of incoming material for new and interesting distribution

records, and geography becomes a major parameter by which

he tries to sort and arrange his specimens. Now the currency of

study is not the taxonomic novelty, but the geographic novelty,

with endemism, disjunction, and the ebb and flow of floristic or

phytogeographic elements being major themes of interest. Gen-

erally, the curator-taxonomist will be especially interested in

only one or a few regions; consequently, his subdivisions will

be precise in these cases and very coarse for the rest of the

world. In time, such gerrymandered systems become clumsy

and meaningless as natural geographic arrangements; they also

become loaded with political anachronisms as the boundaries

of countries change. It probably is fair to say that hardly any

herbarium in the world uses a fully modern geographic scheme

of which it wholly approves. The geographic mentality fos-

tered by this phase of taxonomic development can lead easily

to absurd extremes in herbarium -packing of specimens of the

same species for purposes of documenting local distribution.
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The third or systematic phase raises taxonomy and the use of

the herbarium al)Ove the level of pure description to the philos-

ophy of relationships. The herbarium now becomes an active

instrument of the curator-taxonomist as he tries to arrange the

specimens according to how they should be classified, and, as

mentioned before, most modern herliaria reflect some earlier

system of classification. A large herbarium hardly is amenable

to further manipulation as new systems are proposed. Further-

more, seldom is it possible even to keep current the older sys-

tem in use, if it is a phylogenetic one.

In the fourth, biosystematic phase, we see the need for large,

in-depth collections (population samples) of the taxa under

study. Most curators are justifiably reluctant to store large

samples of individual taxa because they cannot cope physically

with the specimens. Moreover, in terms of the traditional and

still prime functions of the herbarium, this represents uncon-

scionable duplication. Yet no biosystematist wants to see his

samples treated as "duplicates" and split up for inter-institu-

tional exchange. Also, the biosystematist needs a herbarium

that provides easy access to other kinds of specimen data than

the traditional name and place of collection.

The recent, ecological phase of systematics has only begun.

The next decade will bring, I believe, a solid alliance between

taxonomists and ecologists and the emergence of what can be

called "ecosystem taxonomy." Surely the International Biolog-

ical Program ( IBP ) will develop intense pressures for this. The

ecosystem taxonomist, as contrasted with his predecessors,

will be less concerned with the absolute precision of his identi-

fications and the phylogenetic hierarchy of his organisms and

more concerned with the general, statistical patterns of distri-

bution as they correlate with environmental factors, including

pollutants; he will also be concerned especially with the inter-

relationships and coevolution of different plants and of plants

and animals, including man. Thus he will need a much more

flexible access to the data locked up in the herbarium than we

now have; furthermore, he will call for more sophisticated

ecological data-keeping.

The picture is clear. The herbarium was designed for the

pui-poses of a descriptive science that dealt mainly with the
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questions of what and where, but it has had to survive funda-

mental changes in this science and now finds itself in an era

when the questions are mainly how and why. The fact is that

the herbarium has never really adapted to the modern biosys-

tematic and ecological era, and unless it does it will become

largely irrelevant in time. Wehave not yet overcome the prob-

lem of providing flexible, multi-access to a data bank that can

have only one physical structure, ordered by one parameter, in

this case the scientific name. The sharp decline in the founding

of new herbaria since the 1920s seems only to be a specialized

reflection of a general decline in descriptive biology. The her-

barium is after all the chief resource of the descriptive plant sys-

tematist, and any deterioration of his status inevitably will de-

crease the demand for the tools of his trade. Collectors have

pushed to the limits of the temperate regions and pressed on

into the tropics. Perhaps, especially with new temperate and

tropical flora projects in progress and with greatly expanded

tropical exploration and research, the 1960s and 1970s will

prove in retrospect to have reversed the downward trend in de-

scriptive systematics and herbarium-founding, but this seems

doubtful, given the present-day climate of biology and science.

Despite the secondary resurgence of such activity particularly

in tropical regions, the downward trend appears to be inevi-

table and irreversible. The golden age of herbarium-found-

ing, has passed.

Strate(;y Foh The Future

As a physical creature, the herbarium has grown through

more than 400 years until today it has achieved menacing

proportions. Not just a few curators are virtually enslaved by

the sheer burden of the routine daily transactions and public

service, when in fact they should be practicing science. At the

same time the science, too, has changed, so that altogether the

forces of change and growth have conspired to make it diffi-

cult for today's herbarium botanist to be both curator and scien-

tist. Descriptive taxonomy is a fairly natural and easy byprod-

uct of curatorial activities, and it thrives on a constant inflow

of new material. To the biosystematic, ecosytematic, or ex-

perimental taxonomist, however, curation is largely an encum-
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brance, a service to perform as the price of being a professional

taxonomist.

The herbarium, no less than the library, continues to fulfill an

absolutely vital role in science and in practical human affairs as

a data bank and information system, even though increasingly

it creaks from an overburdened, arthritic curatorial machin-

ery and suffocates in the clutch of the time-honored but out-

moded and inflexible ground rules of research and public ser-

vice. Being an institutional giant and in many respects an over-

aged one, it faces hazards of survival that are not small. There

are those today —and their number is growing —who see the

herbarium as an economic millstone and an intellectual dino-

saur in the modern scheme of science. The truth, however, is

that the herbarium is beginning to be tapped for a whole new
generation of scientific and public questions. As the concern

rises about the quality of our natural environment and the

ecological principles that control this quality, public officials

are being forced to come up with instant ecological histories

and forecasts. The conservation of natural resources, including

plant and animal communities and particularly endangered

species, has become a burning public concern. Ecology and

conservation quickly reduce themselves to relationships among
organisms. Museums, herbaria included, are the repositories of

vast amounts of raw and standardized data about the earth's

organisms. The alert curator is not surprised, therefore, that

the rising emphasis on environmental biology is giving new sig-

nificance and urgency to the business of museums. Unfortu-

nately, herbaria, like museums in general, are not ready for the

increased demands of the era of environmental biology.

The time for new premises and strategies is upon us. The

principal challenge is to "get with it" in trying to reshape the

herbarium for the age of environmental biology and the com-

puter, to meet the contingencies not only of a changing science

( biosystematics, chemosystematics, ecosystem taxonomy, etc.)

but also of a moody, ecologically conscious society who want to

know how to survive. Wemust hope that the world's herbaria

will unite at different levels ( local, regional, national, interna-

tional) to develop a blueprint for action. Meanwhile, several

of the necessary steps to be taken are obvious.
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( 1 ) Every herbarium is both a scientific organization and a

pubHc ser\'ice bureau, and the tinie has come to accept the

full import of this dual nature and reorganize accordingly. The

day is past when the taxonomic scholar can be both scientist

and curator. Our goal must be to isolate the functions of the

herbarium, which are the tasks of the curator, from the re-

search of the herbarium, which is the responsibility of the

scientist, i.e., taxonomic scholar. Only in this way can the her-

barium rise to meet the increasing service demands and at the

same time remain a viable scientific research institution.

The scientific and the service functions of the herbarium can

and should be perfonned by different staffs. As a public ser-

vice bureau, the herbarium should be organized like a modem
library and staffed by a cadre of professionally trained, librar-

ian-hke technical experts and aides who specialize in the her-

barium's functions, e.g., accessioning, filing, lending, identify-

ing, etc. Libraries are not organized on the premise that only

scholars can order, purchase, catalog, shelve, and loan the

books, and neither should herbaria be organized on this prem-

ise. After an overall systems and cost analysis of input, process-

ing, storage, and output, herbaria should departmentalize and

staff appropriately. Non-research personnel, whose professional

rewards do not depend on publication, can be trained to per-

form most if not all curatorial and public service functions of

the herbarium just as well as, if not better than, research scien-

tists. As a scientific organization the herbarium should become

an institute for advanced studies, organized and staffed accord-

ing to disciplines and programs, not by curatorial responsibili-

ties. A strong link and intimate cooperation should be main-

tained between the curators and the scientists, however, be-

cause the latter will need to continue to guide curatorial policy.

(2) The computer must be brought into the herbarium

without further delay. A new day has dawned in information

science, and the meaning of this for museums has been pointed

out repeatedly in recent years ( Sokal and Sneath 1966, Squires

1966, Crovello 1967, Rogers et al. 1967, Soper and Perring 1967).

The constant growth of collections impels us to find more effi-

cient means of storing the specimens and accessing the data. A
computer system for information retrieval (IR) provides the
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ideal answer to the problem of data access and allows great free-

dom in the physical arrangement of the specimens. Data can be

retrieved without necessarily taking recourse to the specimens,

and the cross-indexing power of the computer enables one to

find specimens when necessary regardless of the physical stor-

age system. Tlie latter capability makes the computer an im-

portant tool for managing herbarium transactions (loans, ex-

changes, accessions, etc. ) as well as for providing flexible

access to the embedded data. Various control lists can be gen-

erated that profile the strengths and weaknesses of the herbar-

ium with respect, for example, to geographic or taxonomic

representativeness of the collections. Such profiles could put

curatorial decision-making on a much more objective basis,

especially as regards the accessioning of new material.

Every specimen carries both objective data ( e.g., geographic

and other label data), which may require little or no professional

inteipretation, and subjective data (e.g., morphological traits),

which may require highly professional interpretation that can

only be made after study of the specimen itself. In a manual

system, neither kind of data can be retrieved without actually

seeing the specimen, and this requires transporting either the

specimens to the investigator or the investigator to the speci-

mens. An IR system can bring the objective data from the

specimens to the investigator without burdening anyone with

handling the specimens themselves. Once a magnetic record

of a collection is created, one can in effect rearrange an entire

herbarium just to answer a single question and do it, perhaps,

with less effort and cost than to process a loan of a few hun-

dred specimens. Even with only a few descriptors per specimen

recorded, many combinations are possible, and one is able to

ask complex questions and thereby to locate precise subsets of

specimens or compile specific data from randomly scattered

places in the herbarium —all without moving a single specimen.

The investigator is free to decide on the basis of his answer

whether he needs to see the specimens. To be sure, there are

certain risks to retrieving and using data without seeing the

specimens; for example, the risk of misidentification. Neverthe-

less, there are many instances in scientific research and public

service when these risks are tolerable.
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Herbarium curators have in large measure lost control of

their vast data bank, now comprising an unmanageable 200

million specimens or more over the world. Given the advanced

state of computer technology today, there scarcely is a defense

any longer for continuing to add to this overburden of speci-

mens without simultaneously capturing the data for manage-

ment and retrieval. The high cost of developing and implement-

ing an electronic data processing (EDP) system will prohibit

indiscriminate input and force curators to make some hard deci-

sions about the specimens and data to be preserved. Thus the

process of computerizing data can serve as a much-needed cjual-

ity control mechanism. If a specimen does not carry data worth

computerizing, then it can hardly be worth presei'ving and fil-

ing in the herbarium for all time. No longer can we afford to

presume on our successors by adding to their future curatorial

burden under the blithe assumption that while the specimen

was not worth our time and money it might be worth theirs.

The place to begin is with select subsets of our herbarium

collections (e.g., types) and with newly accessioned material.

It is doubtful whether herbaria will ever have the resources

to input the whole 200-million-specimen backlog, and, consid-

ering the quality of the data of many older specimens, one can

raise serious questions as to whether this should be done even

if the resources were available. Instead, we must concentrate

on what I might call the "forelog."

( 3 ) All herbarium operations need to be examined carefully

and modernized if necessary, not only with respect to EDP, but

also in the light of the current state of science, the growing

shortage of staff and space, and the growing public and profes-

sional demand for herbarium-based information. We have

seen that herbarium operations today are expensive; even a 1

percent increase in efficiency would effect significant savings.

Courage will be needed to abridge or abandon outinoded prac-

tices. To cite one prominent example, the time-worn specimen

exchange procedures badly need scrutiny and appropriate

streamlining. Particularly the larger herbaria need to shake

loose from the iron grip of the book-balancing exchange mental-

ity.

In the present day, duplicate exchange is in some respects an
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anachronism. The world hardly lacks for large, representative

herbaria, and the number of herbaria has increased to the point

where it is difficult if not impossible for an institution to draw

rational limits to its exchanges. Today's rapid means of travel

and communication leave little excuse for building up numer-

ous herbaria with duplicates of the same collections. In the

framework of population biology, moreover, it is questionable

whether there is such a thing as a "duplicate" specimen.

One way to modernize exchange practice would be to estab-

lish a cooperative exchange center or clearinghouse which man-

ages transactions by computer and provides specimen-sorting

service as needed. Each herbarium would trade and balance

books with the system, not with every herbarium from which it

happened to receive duplicates. The exchange center could

abide by the wishes of donors in distributing their sets of speci-

mens by sending them only to specified recipients. On the con-

trary, the center could honor the wishes of recipients by send-

ing them only the kinds of material they requested. In many

cases, specimens might be exchanged directly between donor

and recipient after clearing the transaction with the exchange

center. Such a system surely would reduce the inefficiency and

increase the effectiveness and order of the exchange process

and thereby serve the general good. It could only be established

by cooperative effort, however.

(4) The herbarium needs strengthened intellectual founda-

tions, including ties with some of the newer biological and en-

vironmental disciplines. This can be achieved by exploiting

the herbarium through EDP systems as a vital data bank for

biologists other than systematists and by organizing broad, pref-

erably interdisciplinary research programs that require herbar-

ium resources and data and at the same time engender the kind

of national and international planning and cooperation that

will give the worlds herbaria as a group more cohesion, sin-

gular and self-respecting voice, and 20th-century relevance.

Given the present experimental and molecular scientific cli-

mate, we can say that the herbarium is truly at the crossroads,

and it will surely fall if it loses its intellectual underpinnings

and fails to adapt to the communications revolution by com-
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puterizing. Literally, therefore, "united we stand and divided

we fall."

(5) Finally, the herbarium needs a new, more solid finan-

cial base. This means greater national support, which can come
only through cooperative planning. Herbaria are a special kind

of national research archive and instructional tool, desei'ving of

regular, dependable subsidy. National support cannot be

sought on any rational basis, however, until herbaria show a

willingness to operate less like competitive, private enterprises

and more like the units of a functioning system. Every herbar-

ium that ever makes a loan or accepts an exchange or gift of

specimens is part of a national and international network, partic-

ipating in the commerce of taxonomy. Any government would

be less than prudent to sink large sums of money—and the

herbarium is a colossus that could absorb unlimited funds —into

its herbaria without first requiring conscious cooperation that

takes cognizance at a planning level of the actual network

fonned by the existing herbaria and divides the responsibilities

so that duplication of resources and services is minimized.

In the United States federal support for herbaria over the

years has been trivial compared to the needs, and unfocussed

with respect to the national interest. The time is ripe for a na-

tional strategy. During the 6-year period from 1963 to 1968, the

Systematic Biology Program of the National Science Founda-

tion granted less than 2 percent of its funds for collection main-

tenance per se, and for botany this amounted to about $30,000/

year, totalling less than $200,000 out of $10 million for the

whole period. If a matching dollar had been put up for every

dollar spent on herbarium research, the amount would have

totalled at least $4 million and perhaps as much as $8 million

—

or $0.7-$ 1.3 million/year. This would have brought an average

of about $15,000-$30,000 to every herbarium in the country

during 1963-1968. Surely, for every dollar spent on fieldwork

there should be a matching dollar for collection curation. Too

often research proposals in systematic botany take the availabil-

ity of herbarium collections and services for granted, when in

fact they should be asking for the funds to purchase this acces-

sibility and service just as they ask, for example, for funds to

pay publication costs. Ironically, curators as curators are prob-
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ably the most thanked people in biology, but as individuals they

are taken for granted for the many thankless tasks they must

perform personally.

It would be unfair to imply that NSF support for herbaria

has been confined to the relatively few dollars that have come
directly through the Systematic Biology Program. In addition

there have been grants for facilities and more recently the Of-

fice of Science Information Services at NSF has been support-

ing the development of computer systems for biological data.

Nevertheless, the total investment has certainly not met the

needs.

Many American herbaria, especially in the smaller colleges

and universities, serve primarily a teaching function. Teaching

herbaria are vital to the nation's science programs and should

be supported as educational facilities. Their subsidy should be

commensurate to the teaching programs they support. The

small teaching collection has a way of escalating into a larger

and larger research collection, demanding space and resources

that exceed the teaching value of the herbarium to its home in-

stitution. Such escalation may show commendable industry on

the part of the local curator, but it may also pose hard questions

about duplication of resources for the national funding agency

that is asked to pick up the tab.

At present the United States has only one National Herbar-

ium, but many other American herbaria receive federal support.

What is needed as a framework for greater federal support is

for all university, government, and private research herbaria in

this country to organize themselves into a full network of na-

tional herbaria. Then each could be recognized and financed

to fulfill a particular role. Some herbaria might concentrate on

broad geographic and systematic coverage, while others con-

centrate on particular regions or systematic groups. State and

local governments might be induced to support a complemen-

tary network of state and local herbaria, perhaps with some

matching federal funds if national scientific standards and ob-

jectives were being met. Any national system must steer a mid-

dle course between centralization and decentralization of re-

sources and management. The lesson of the Berlin herbarium,

destroyed in World War II, has taught taxonomists the wisdom
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of a certain amount of decentralization and duplication of im-

portant collections.

Part of the price of increased federal support, it is clear, will

be the loss of a certain amount of autonomy, because herbaria

will have to agree on their roles and stick to them. While there

may be no limit to the number of small teaching herbaria that

can serve a useful function, a nation only needs so many large

research herbaria of a given geographical or systematic spe-

cialty. The latter statement is especially true in a day when the

costs of transporting scientists or specimens may be cheaper

than the costs of maintaining essentially duplicate research her-

baria. Thus the further development of teaching and research

herbaria cannot be left to chance if the United States is to have

a national strategy for support. The whole point of a national

plan would be, not to compel anyone to do anything, but to

identify the role that each herbarium should play and then sub-

sidize the herbarium accordingly.

Progress Towaiid Goals

The ideas presented here certainly are not new (e.g., see

Sokal and Sneath 1966). On an individual basis, many herbaria

have taken or attempted some of the steps proposed, in some

cases long ago. But the destiny of the herbarium as an institu-

tion can only be decided by cooperative planning and action.

Herbaria must unite to persuade national policy planners to

support them, and they must unite to train a pool of technical

experts who can take the burden of curation off the backs of

the scientists. Operational procedures like duplicate exchange

cannot be modernized unilaterally. A herbarium only hurts

itself if it tries this. Likewise, no single herbarium has the

necessary resources or force of authority to develop and im-

plement a herbarium-wide data processing system. On the

international level, the International Bureau for Plant Taxon-

omy and Nomenclature, with headquarters in Utrecht, Nether-

lands, has done much to increase cooperation. Many of the

problems can be solved only by active collaboration at the na-

tional level, however. Eventually, such national collaboration

can lead to more formal international planning and cooperation.

Fortunately, at present a number of museum and herbarium di-



Nofurol history collection symposium 739

z-ectors in the United States have become quite concerned alxHit

the future of museum collections and of systematic biology in

general, and two or three studies are underway to determine

the feasibility of greater national cooperation and financial sup-

port in the USA.

Within the last few years several pilot projects in applying

electronic data processing to museum collections have been

undertaken, which must be nurtured and expanded to embrace

all herbaria. The Smithsonian Institution now has programs

going to computerize data from selected portions of its col-

lection of about 60 million specimens. One of the projects,

headed by Mason E. Hale, is designed to produce an auto-

mated register of type holdings in the U. S. National Her-

barium. The cooperation of other herbaria is being sought

so that the Type Register can in time become a union list of

worldwide holdings. Another highly significant development is

the TAXIR (Taxonomic Information Retrieval) system and re-

search program of David J. Rogers and group at the University

of Colorado, financed by the National Science Foundation. Two
other noteworthy data-automation projects are under way at the

herbarium of the National Museum of Canada in Ottawa

(James H. Soper) and at the Herbario Nacional del Instituto

de Biologia, Universidad Nacional de Mexico (Artm-o Gomez-

Pompa )

.

North American plant taxonomists have just embarked on an

immense new cooperative program, Flora North America,

which holds much promise for bringing about greater herbar-

ium coordination. Flora North America is organized to pro-

duce a concise treatise of the vascular plants of the continent

north of Mexico, but the project is deeply committed to bring-

ing flora-preparation into the computer age. Information sys-

tems concepts are being exploited to develop a flora data bank,

which inevitably must involve the herbarium and the botanical

literature (Morse et al. 1968, Shetler 1969). Such a data bank

should help to translate the herbarium to many people and to

make it more relevant than ever as we enter the era of environ-

mental biology.
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Conclusion

The quantitative growth of the world's herbaria has over-

whelmed us and become an end in itself, such that we spend all

of our time packing away specimens for a research day that

never comes. At the same time we find oin-selves incapable

of retrieving the most elemental information. The time is here

if not past when a qualitative innovation in herbarium build-

ing and management is needed. To face the future the world's

herbaria need a new strategy based sc|uarely on electronic data

processing systems and a businesslike understanding of the ser-

vice and storage demands of the modern herbarium. The com-

puter makes possible a whole new concept of data banking in

the herbarium —the first real imiovation since the specimen

case replaced the herbalist's scrapbook —and the environmental

biologist and ecosystem ecologists have already created the de-

mand for this kind of data access. The herbarium community

must unite in phrasing its needs and organize to meet and sup-

port them cooperatively. Today herbarium botany, like big

science generally, requires big money, and this calls for big but

responsible organizing premises and programs. Otherwise, the

herbarium ceases to be relevant in terms that the taxpayer or

even another scientist can understand.

LiTERATLIRE CiTED

Beaman, J. H. 1967. Beal-Darlington Herbarium, Michigan State Uni-

versity: Report of the curator, 1966-67. DupHcated. 12 p.

, AND H. A. Imshaug. 1963. Development of tlie Michigan

State University Herbarirmi. A proposal to the National Sci-

ence Foundation. [Funded.] Duplicated. 37 p.

, R. C. Rollins, and A. H. Smith. 1965. The herbarium in the

modern university: A symposium. Taxon 14: 113-133. Con-

triliutions as follows: Beaman, "Introduction," p. 113, and,

"The present status and operational aspects of university her-

baria," p. 127-133; Rollins, "The role of the university herbar-

ium in research and teaching," p. 115-120; Smith, "The role

of the herbarium in eryptogamic botany," p. 121-126; talk by

F. A. Stafleu not published.

Bonner, J. 1963. The future welfare of botany. AIBS Bulletin 13: 20-

21.

Clegg, H. 1968. 4-stage MSUbuilding started in '64, cost $4,050,000;

expensive 'weed' gets name. State Journal ( Lansing, Mich-

igan), 17 September.



Natural history collection symposiinn 741

Cronquist, a. 1966. "Herbarium," p. 409-410, in Encyclopaedia Bri-

tannica, vol. 11. Encyclopaedia Britannica, Inc., Chicago.

Crovello, T. J- 1967. Problems in the use of electronic data processing

in biological collections. Taxon 16: 481-494.

De Boon, A. C. (compiler). 1958. International directory of specialists

in plant taxonomy, with a census of their current interests.

Regnum Vegetabile 13: 1-266.

Engledow, F. 1968. Teaching and research in botany in the United

Kingdom. Nature 220: 541-545. (Article followed by com-

ments by J. L. Harper, C. P. Whittingham, E. J. H. Corner,

R. Riley, P. F. Wareing, and R. Markliam; editorial of tliis is-

sue [9 November] also comments on article
—

"Is botany

dead?" See also letters to editor in later issues.

)

Hale, M. E. 1967. Report to the Advisory Committee, Department of

Botany, Museum of Natmal History, Smithsonian Institution.

Duplicated. 40 p.

Howard, R. A., B. L. Wagenknecht, and P. S. Green (compilers).

1963. International directory of botanical gardens. Regnum
Vegetabile 28: 1-120.

Jones, G. N., and E. Meadows. 1948. Principal institutional herbaria of

tire United States. American Midland Naturalist 40: 724-

740.

Kent, D. H. 1957. British herbaria. Botanical Society of the British Isles,

London. 101 p.

Laetsch, W. M. 1963. The welfare of botany re-examined. AIBS Bul-

letin 13: 21-22.

Lanjouw, J., and F. A. Stafleu (compilers). 1954. Index herbariorum,

Part II (1): Collectors A-D. Regnum Vegetabile 2: 1-174.

. 1957. Index herbariorum, Part II (2): Collectors E-H. Reg-

num Vegetabile 9 : 1-295.

. 1959. Index herbariorum, Part I: The herbaria of the world.

Ed. 4. RegnumVegetabile 15: 1-249.

. 1964. Index herbariorum. Part I: The herbaria of the world.

Ed. 5. Regnum Vegetabile 31: 1-251.

Lawrence, C. H. M. 1951. Taxonomy of vascular plants. Macmillan

Co., NewYork. 823 p.

LiPSCHiTZ, S. J., and I. T. Vassilczenko. 1968. "Central herbarium of

the USSR: An historical sketch." Science Press, Leningrad.

142 p. ( In Russian.

)

Mayr, E. 1968. The role of systematics in biology. Science 159: 595-

599.

Morse, L. E., J. H. Beaman, and S. G. Shetler. 1968. A computer sys-

tem for editing diagnostic keys for Flora North America.

Taxon 17: 479-483.

National Science Foundation. 1967. Grants and awards for the Fiscal



742 Froccedinii^s of the Biological Society of Washington

Year ended June 30, 1967. U. S. Government Printing Of-

fiee, Washington, D. C. 282 p.

. 1968. Grants and awards for the Fiscal Year ended June 30,

1968. U. S. Government Printing Office, Washington, D. C.

274 p.

Norton-Taylor, D. 1967. Megaversity's sti-uggle with itself. Fortune

(May), p. 160-165, 180, 184, 186, 190, 192, 195.

Rogers, D. J., H. S. Fleming, and G. Estabrook. 1967. Use of com-

puters in studies of taxonomy and evolution, p. 169—196, in

Evolutionary biology, vol. 1, edited by T. Dobzhansky, M. K.

Heclit, and W. C. Steere. Appleton-Century-Crofts, New
York. 444 p.

Rollins, R. C., R. A. Howard, I. M. Lamb, R. E. Schultes, J. G. Tor-

REY, AND M. II. ZiMMERMANN. 1967-68. Activities in the

Institute of Plant Sciences, Harvard University. Preprinted

from the Report of the President of Harvard College and

Reports of Departments. 33 p.

Shetler, S. G. 1963. Botany— A passing phase? AIBS Bulletin 13: 2.3-

25.

. 1967. The Komarov Botanical Institute: 250 years of Russian

research. Smithsonian Institution Press, Washington, D. C.

240 p. 29 pis.

. 1969. Flora North America Project. Annals of Missouri Bo-

tanical Garden. 55: 176-178.

, with assistance of J. J. Crockett, S. I. Rakosi, E. R. Shetler,

and N. L. Howard ( compilers ) . 1968. Computer-generated

multiple index to 5th edition (1964) of Index Herbariorum,

Part I, compiled by J. Lanjouw and F. A. Stafleu. Computer

printed at Smithsonian Institution, Washington, D. C, for

Flora North America Project. 360 p. ( Available at cost.

)

Smith, C. E. 1964. How dead? How soon? BioScience 14: 15-16.

SoKAL, R. R., AND P. H. A. Sneath. 1966. Efficiency in taxonomy. Taxon

15: 1-21.

SoPER, J. H., AND F. H. Perring. 1967. Data processing in the herbarium

and museum. Taxon 16: 13-19.

Squires, D. F. 1966. Data processing and museum collections: A prob-

lem for the present. Curator 9: 216-227.

In press. An information storage and retrieval system for bio-

logical and geological data: An interim report. Curator.

Stern, W. L. 1966. Steel storage cases for the U. S. National Herbarium.

A proposal to the National Science Foundation. [Not funded.]

Duplicated. 151 p.

(compiler). 1967. Index xylariorum: Institutional wood col-

lections of the world. Regnum Vegetabile 49: 1-36.

Valentine, D. H., and A. Love. 1958. Taxonomic and biosystematic

categories. Brittonia 10: 153-166.



Natural history collection symposium 743

u

rt

3 cu f-

2 E 5

c3 n-g

a q
'6 "^

n o >;

ffiz

Kg

in o^ 00 f^, "^^ t^^ 05 <^^ 00 t- t- o co^

33 SS"
^" S Sf f-" f^" Sf cj^" "* oo" »n t-T

^ CO ^ CO -H D1

CD CO ,_, o:'
CO t- CO t-

oioo3mTHcoi>OoI>I>OToo<:OOOCDO

QOo05'3:'00Tt<W 1> CD fM fO O

'~~- ^^ ^ ^^ -^^ ^ ^ -~-

in ;o oi CO Tf^ lO in T-H t^ t^ Cs| 1—1 T—

1

T—

I

CO ^H o

5 in
in CM 1—1 05 '"' Ol o O o O o

fMc0-^'--<C0^^OOOl>OOO
C-ltMOl'— lOOCDOOOOOOO
co^ c\ in <^; '^^ T-H o^ o^ i> o in ci o^
in cj" of c' tr-" in in o^ aS n o-f o" Tfi"

c-qoooin^inco^^TfHf-o^cD
"1 "^^ '"'

'~l "*. "^^ t-; t-H (M oq ^ —

I

<o i^ oo" co" of tt" -h" co"
CO i> '—I

o-y Tf(MOOOt^a5tr-^C<IOO<^COi— 1

1—

1

a^oiodinin'-H^i-H.-HOOoo
CO (M r-l

1—iTj<TtiinTt<cooococOi— ii><^coi— (

Git-.-Hi>inini-ii-i,-i.-(
(M ol ^

s I

< '^ ^
d -1 1^

P r- -ii .i^i -f" -S -^ "K X S- ^ T^ tu

to 4

<.|

6 ft

iS "o

£ M

OJ Tl
T3 C

n1

0.

a
TJ

I/O

C ^ h

&
,J2 a

w O :2

c
^ O

COJ

.3
^

'i r/1 t; 3
o ^

g
3

a <:

n1 \C rt

t;m a

2 c s ^ ii

O „

s
g

<u --r

TJ

4)

2 K a: Ci

9:

3
n
S

fa

o

SC' rg T
-a s o a

^ ^ o g

< s H ^ ^



744 Proceedings of the Biological Society of Washington

em

ffi

s^

2 o aj

.2 B'^

^ briO

H ^ << Z W P-l
Z PQ

Q
Oi

u -< > l^^

O

:^ < D m A J hJ n H H D WQ
ffi <! « ID P w u <; fe U en C/2

m ro rM p-i oi lO ^ ^ r/n o CO CO (M COoCO CO COCO CO lO in in in in -1^ CO CO
n> CT> rr> o^ CJ5 en cn> n-. CJi C75

I—

1

I—

1

1—1 1—

(

1—1 1—1 I—

1

1—1 1—1 1—1 1—1

O

« io ^ W c/:i

p
<

c/:) PL, U PC c/^ pq PQ H U ;> W Ki.

oi »o rO on )o CO r- r- t^ in ro t- CO

r- ^ rn o lO in 1—1 in 'f m CO uO (.'J ^i^ »o 1-- 00 00 1- 00 00 ro on CO
I—

1

1—1 1—1 1—1 1—1 1—

<

1—1 ^^ 1—1 1—1 1—1

•^ TO »n CO 1—1 1—1 GO "^ 1—1 in O CO O
en r^ ro CO rH 1— o CO in 1—

(

CO CNJ CJ
CO 00 CO I> CJ 05 ^ o o -* a> 05 ^
1-- t^ I—

1

m lO '^ in in CO o 00 1—1 CD '

^ i> CO 1—1 U5 CO in 1—1 r—

1

CI

oot^inoipinoocococicoco
coincoinco'^cocococo'*"*''^

0'-nfMinoinoo-it'incooi>a5oot>ooocooooinincooco

fvi^(>-|--fTj<incocot>cDCOcoci
cocooocoin^i— ii—

I

CM Ol

CO ^ CD 1—I m 1>; 00 Cji t- CO 00 '^ Ol

S lricDc3j-^lnlnl-^l-^00000
-9 i5 CD CM CO 1—1

•3'V.£ cni-icoo-^CJiCDi-icoooincoco
^C-Ciinoint-t-incocMi-icMi-i

rH CO CO 1—1 1—1

Z W<i c/i <1

a o
=1

O s Tl

Z s^ ri 03 ^
cL c« ^ ^ 0) 1—

i

ca S
(-1 K^ •"i 1-1 o N o bJD-ij

'in

P3 -5

>

Z
o
a SO

rp _0 .Xi rt J3

ci ,0!

53 ^ '3

0<5 S

,»i 'S -s §

.3
'^ a ts

C D 0) -g

fl 5 o -2

§1 B -

3 S
iS (D

J cj c/^ 3

^ D OJ M

>- 2; Z -d
° .,

"- fl
^ vi do be a

43 C3 0) w
g S S 2
s -^^

s «
o ^ ft -^

* O ^ -CI

TS .O "o jjH

^ s s aM o o 3
° "* I

P S
oj 5 o ^< ^O P^ U p ffi



Natural history collection symposium 745

CS s <u

o o c •w
h c

rt
0)

,^2
b

a! u
CD

XI Z C/2 ^

2;c/5

b o ^H

G 0) ^

C<j lO CO O t^ lO I> O IT) - J v^^ -.. 1.J 1.-.1 ^^TjfOco^cDinoiot^cocMcocoLoo
,—I t--_^ r- oq_ o CD C5_ o_ in —

•
— f-^ ^--. ^^ ^n

O" 00 ^" CD 05 r-f" of \n OCDdCOOOOTCOOOCO
I—I CO -^ CD I—

I

1—1 CO

COOCOKOcOOOlOCDOOCOOl
' ' " inoint^ooinoini^

„ a> M o^ c» oT^ i> o^ c\ o^
co" cd" cT o" oo' 1—T oo" in '^'^ of o" '^''

'i^"

ini— lO^t^oolcDcnoiincio
--Ht— lOli— 1 COi—IC32C5'— ICDOICO

coOinot^T— i^t^in I—looTt^T— iot>t- con^ooooo
00t^00CDini>0C0.1t>l>t>C7)00Ot>I>I>CD00l-~OO

o in ^H CD "^ t^
^-1 CO 'T C~] CI Ol CO

CO CO "* ci 00 CO o in in
•-H CI CI —

I

00 in o CO CD I-^ Cl ^ Cl

t- Tt< 00 CI ro in tr- r-\ '^r CD
^ ^ CI t- in c:^ cl t- t- ;i^ •^ 00

Cl
CI

C32 "^ t- C5 CO o 1—1 in 1—1 "^ CI rH o Cl o in "^ o CO 1—1 r—

1

Cl
Cl

1—1

CD
CD

oo oo
CD CD

CO
-*

ooo
Oo
CO

Ooo o
00

Ooo
Cl
in

00
CO
CO

ooo
Cl
CO

in
CD
in
CD in

1—1

CD 1—1

o
Clo

in
CD
CD

CO
CO
C2

1>

Cl

m
Cl
CD

o
Cl
CO

ino Cl
1—

(

CO CO Cl o ^ in ^H 1—1 t- Cl 1—1 CO 1—

1

i-H CO

C-5 Cl o o O o o oO o o o ^ ^ o 00o in o o o CO CO

Cl o 1^ o Cl r-> GO CD
1—

(

00 Cl CD 00 in Cl
t~ Cl tr- O^ C5 irj o L^

cl Tt< 1—1 CO in 1—1 o m -* CO CT! t^ t- t- -^ ^ Cl cl 1—

(

O o o
CD
Cl

in in Tf -^ '^ ^ CO CO Cl '"' ^H 1—1 '-' ^^ ^^ ^ ^H ^H 1—1 1—1 -—

H

-t CO CO 1—1 O O ro CJ3

'^ _^ r-i

QJ OS !-i

« -S 'B

^ ^
C/3 CJ ^
^ fi « rt ec

!l)

<u <;
(t! J^ c/^ o

V ^ lU 5 c/j «

G .3

c >> N g F ;S ti 'K -g cu -ti -^

C (3j

ou;DtLH^PQUO^i^<-<^c)5<:p-i ^ ^ a N .G ^
CO c/2 CO U (JH Z

1—1 cicoTtiincDi>oocr'0^cico^incDt^

t-
t-

c7>'-fin-tinco-toocot>cct^d2C3i cd

rf Cl Cl r-l

^i

to o
3 'zs

x; -a
c

iJ3 ^

o /i'

oJ o
"3 :,

H H



746 Proceedings of the Biological Society of WasJiington

«

%^%^
<u <'Z. a

o
04
a

ca^ « C
1^

Oj C t/i j5

^ <;2; 00
HH ffi

r-f

>^
;-(

C
3

u S.S £

>^ K.a^
pTJ iJ

«2; o

^CC^

CO ic 00
CD in 10 -^ ^^ -. ^ -^ -^ ^ — -- -.

rH ^ ,-1 rH fl^

C~- t- CO tr-

a> CD cq 10^ o t- o
^^ CD^ CT t>

O' r4 00" O"
10 00 r—I 00

o ^ (>i c;

CO '^ CO ^

o; CI -^ in
-M Tt< '-r (M

^ H r^.

'G
W ^

<
rt c« cc

U-l Qj C CO
(-1 (y)

U U*

cm' CO -t

ininooo; T—iiofMt^
co-^ooiioi:^'— lie
CDlOOOOt^OOOOOO

^t-CiiocMcqoo^
-^oi-^inooinr-iCD
^^ ro >-H ^^ t- co__ o\ o
Co" TT cd" o" t-' of co" 10"

CO r-; 01 1> -r Tf O] 00

CDC0lOC0C0C0l~-^C0

OCDCOpC5IC<JOT05
I> CO 16 rH CO Oi CO ^

^ -H fM omcococii— icOi—

1

t- r- Tp 01 01 —1 CO CO t> (M CD
CD »—

1
1—

1
f—

1

Ol •—
1 >—t 1—1 —

1

7^ « JS

>^ N C C

i±; cq U O

.S -5

- H

z5. «

CH. < m >^ ec ffi < H

2^

10 CD 1> 00 05 O

.S H

c P

j= Z

în
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Table 5. Oldest and Youngest Herbaria.

Location

I. Founded before 1750

1. Padua (PAD), Italy

2. Rome (RO), Italy

3. Bologna (BOLO), Italy

4. Leiden (L), Netherlands

5. Basel (BAS), Switzerland

6. Paris (P), France

7. Paris (PC), France

8. Floriana (ARC), Malta

9. Siena (SIAC), Italy

10. Amsterdam (AMD), Netherlands

11. Torino (TO), Italy

12. Reduit (MAU), Mauritius

13. Vienna (Wien: W), Austria

II. Founded in 19.59-631

1. Addis Ababa (ETH), Ethiopia

2. Tampa (USE), Florida, USA
3. Victoria (SCA), Cameroun
4. Arcadia (LASCA), California, USA
.5. Heidelberg (HEID), Cermany
6. Monrovia (LIB), Liberia

7. Trieste (TSB), Italy

8. Baghdad (BUA), Iraq

9. Nsukka (UNN), Nigeria

10. Port Victoria (SEY), Seychelles

11. Aarhus (AAU), Denmark
12. BrasHia (UB), Brazil

13. San Marino (HNT), California, USA

1 All of these but the Tampa herbarium first appeared in Index Herbariorum with

the 5th edition ( 1964); the Tampa herbarium was reported in the 4th edition (1959)

but without data.

Year of Number of
Founding Specimens

1545 229,000

1566 400,000

1567

1575 1,800,000

1588 200,000

1635 5,000,000

1635 1,200,000

1675 10,000

1691 492

1700 175,000

1729 50,000

1737 13,500

1748 2,500,000

1959 6,000

1959 48,000

1959 1,400

1960 25,000

1960

1960 2,500

1960 11,000

1962 5,000

1962

1962 500

1963 25,000

1963 20,000

1963 500



1955

1958

1958
IQfiO

3,200

20,000

1,500

1960

1963

11,000

25,000
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Table 6. Herbaria Founded in Europe since 1950 (1951-63).^

Year of Number of
Location Founding Specimens

1. Berlin (BSP), Germany
2. Avon (ART), France

3. Funchal (MADJ), Madeira

4. Heidelberg ( HEID ) , Germany
5. Trieste (TSB), Italy

6. Aarhus (AAU), Denmark

1 The earliest 12 herbaria to be founded in Europe are h'sted in Table 5.

Table 7. Oldest and Youngest Herbaria of the British Isles.

Location

I. Founded before 1850

1. London (BM), England

2. Cambridge (CGE), England

3. Edinburgh (E), Scotland

4. Glasgow (GL), Scotland

5. Dublin (DUB), Ireland

6. Bristol (BRISTM), England

7. Manchester (MANCH), England

8. York (YRK), England

9. Norwich (NWH), England

10. Warwick (WAR), England

11. Torcjuay (TOR), England

12. Ipswich (IPS), England

II. Founded since 1950 (1951-63)

1. Exeter (EXR), England

2. Keele (KLE), England

Year of Number of
Founding Specimens

1753

1761 450,000

1761 2,000,000

1780 170,000

1790 25,500

1820 13,400

1821 3,000,000

1822 8,000

1825 20,000

1836 6,000

1844

1846 15,000

63

)

1953 25,000

1955 1,000



750 Proceedings of the Biological Society of Wasliington

Table 8. Oldest and Youngest Herbaria of North America and the

West Indies.'

Location

I. Founded before 1850

1. Winston-Salem (SC), North Carolina

2. Charleston (CHARL), South Carolina

3. Middlebury (MID), Vermont

4. Philadelphia (PH), Pennsylvania

5. Montreal (MTMG), Quebec
6. Philadelphia (PHIL), Pennsylvania

7. Geneva (DH), New York

8. Boston (MCP), Massachusetts

9. West Chester ( DWC) , Pennsylvania

10. Amherst (AC), Massachusetts

11. Albany (NYS), New York

12. Ann Arbor (MICH), Michigan

13. Saint John (NBM), New Brunswick

14. Madison (WIS), Wisconsin

II. Founded since 1950 (1951-63)

1. Calgary (UAC), Alberta

2. Sioux Falls (AUG), South Dakota

3. Calgary (CFB), Alberta

4. Halifax (NSPM), Nova Scotia

5. Ottawa (CCO), Ontario

6. Quebec (QFB), Quebec
7. Baton Rouge (LSUM), Louisiana

8. Saint John's (NFLD), Newfoundland

9. Chicago (CHI), Illinois

10. Swarthmore (SWC), Pennsylvania

11. Mayaguez (FPDB), Puerto Rico

12. Sa.skatoon (SAFB), Saskatchewan

13. Tampa (USF), Florida

14. Arcadia ( LASCA) , California

15. San Marino (HNT), California

1 No herbaria were founded in Mexico or Central America during these years.

Year of Number of
Founding Specimens

1772 600
1773

1800 3,000

1812 1,000,000

1820 55,000

1821

1822 16,000

1823 14,000

1826 12,000

1829 84,000

1836 430,000

1838 1,000,000

1842 15,000

1849 360,000

-63)

1951 12,000

1951 1,000

1952 5,000

1952

1952 10,000

1952 12,000

1954 5,000

1954 8,000

1955 20,000

1955 4,200

1958 4,000

1958 2,000

1959 48,000

1960 25,000

1963 500
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Table 9. Oldest and Youngest Herbaria of Asia.

Year of Number of
Location Founding Specimens

I. Founded before 1900

1. Calcutta (CAL), India

2. Dehra Dun (DD), India

3. Peradeniya (PDA), Ceylon

4. Eskisehir (ESK), Turkey

5. Coimbatore (MH), India

6 Tokyo (TH), Japan

7. Sapporo ( SAP ) , Japan

8. Sapporo (SAPA), Japan

9. Tokyo (TI), Japan

10. Hong Kong (HK), Hong Kong
11. Simonoseki (YAM), Japan

12. Tomsk (TK), USSR
13. Rawalpindi (RAW), Pakistan

II. Founded since 1950 (1951-63)

Istanbul (ISTO), Turkey

Allahabad (RSA), India

Yokohama (YNU), Japan

Dehra Dun (BSD), India

Poona (BSD, India

Shillong (ASSAM), India

Tokyo (MAK), Japan

Baghdad (BUA), Iraq

1793 1,000,000

1816 300,000

1817 85,000

1832 725

1874 124,525

1875 10,000

1876 130,000

1876 85,000

1877 500,000

1878 30,000

1883 12,000

1885 357,000

1893 60,000

)

1952 • 2,800

1955 7,072

1955 10,000

1956 22,125

1956 85,000

1956 70,130

1958 380,000

1962 5,000
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Table 10. Oldest and Youngest Herbaria of Australasia and the Pacific

Islands.

Year of Number of
Location Founding Specimens

I. Founded before 1900

1. Bogor (BO), Indonesia

2. Melbourne ( MEL), Australia

3. Wellington (WELT), New Zealand

4. Christchurch (CANT\'), New Zealand

5. Singapore (SING), Malaya

6. Adelaide (AD-U), Australia

7. Brisbane (BRI), Australia

8. Auckland ( AKU), New Zealand

9. Honolulu ( BISH
) , Hawaii

10. Rydalmere (DAR), Australia

11. Kuching (SAR), Sarawak, Borneo

12. Sidney (NSW), Australia

II. Founded since 1950 ( 1951-63)

1. Adelaide (AD), Australia

2. Alice Springs ( NT ) , Australia

3. Laguna (CLP), Philippines

1817 1,000,000

1857 1,500,000

1865 200,000

1867 20,000

1875 400,000

1875

1880 500,000

1883 12,.500

1889 160,000

1890 9,000

1895 25,000

1896 750,000

)

1954 150,000

1954 15,000

1954 1,000
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Table 11. Oldest and Youngest Herbaria of Africa.

Year of Number of
Location Founding Specimens

I. Founded before 1900

1. Cape Town (SAM), South Africa

2. Cape Town (BOL), South Africa

3. Durban (NH), South Africa

4. Grahamstown (GRA), South Africa

5. Kampala ( KAW) , Uganda

n. Founded since 1950 (1951-63)

1. Cairo (CAIH), Egypt

2. Lourenco Marques (LM), Mozambique
3. Mahalapye (MAH), Bechuanaland

4. SaHsbury ( CAH) , Southern Rhodesia

5. Dedza (NYAS), Nyasahind

6. Ehsabethville (EBV), Congo

7. Rabat (RAU), Morocco

8. Luanda (LUAI), Angohi

9. Addis Ababa (ETH), Ethiopia

10. Victoria (SCA), Cameroim
11. Monrovia (LIB), Liberia

12. Nsukka ( UNN) , Nigeria

1855

1867 137,000

1882 89,000

1889 100,000

1898 25,000

1951 16,000

1951 20,000

1951 1,345

1955 12,000

1956 4,500

1956 30,000

lQ=i7

1958 12,000

1959 6,000

1959 1,400

1960 2,500

1962
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Table 12. Oldest and Youngest Herbaria of South America.

Year of Number of
Location Founding Specimens

I. Founded before 1900

1. Rio de Janeiro (RB), Brazil 1808 115,000

2. Buenos Aires (BA), Argentina 1812 80,000

3. Santiago (SGO), Chile 1830 68,742

4. Rio de Janeiro (R), Brazil 1842 350,000

5. Cordoba (CORD), Argentina 1870 135,000

6. Belem (MG), Brazil 1871 33,500

7. Georgetown (BRC), British Guiana 1879 25,000

8. La Plata (LP), Argentina 1884 220,000

9. Montevideo (MVM), Uruguay 1890 50,000

10. Buenos Aires (BAB), Argentina 1899 140,000

II. Founded since 1950 (19-51-63)

1. Buenos Aires ( lAA), Argentina 1951 600

2. Paraopeba (PMG), Brazil 1951 6,500

3. Cruz Das Almas (lAL), Brazil 1952 8,000

4. Curitiba (IPB), Brazil 1952 5,000

5. Salvador (BAH), Brazil 1952 2,490

6. Manaus (INPA), Brazil 1954 13,018

7. Porto Alegre (BLA), Brazil 1954 2,500

8. Recife (URM), Brazil 1954 32,000

9. Buenos Aires (BAFC), Argentina 1955 5,000

10. Rio de Janeiro (HB), Brazil 1958 25,000

11. Brasilia (UB), Brazil 1963 20,000
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Table 14. Comparison of Geographical Distribution of First 100 and

Last 100 Herbarium Foundings.

First 100 Herbaria Last 100 Herbaria
Continent or Region ( 1545-1840) ( 1947-1963)1

Africa

Asia

Australia

British Isles

Central America

Europe

Malaysia-New Guinea

Mauritius

Mexico

North America ( excl. Mexico

)

Seychelles

South America

West Indies

^ The "Last 100" really number only 99, because to add one more would have re-

quired selecting one from among the 12 founded in different parts of the world in

1946.

Table 15. Frequency Distribution of Herbaria by Size of Collection.

17

4 13

3

10 2

1

69 13

1 2

1

2

12 26

1

3 15

2

No. Specimens in
Herbarium

No. Herbaria Percent Total Herbaria

Actual Cumvdative Actual Cumulative

0-1,000 19 19 2.6 2.6

1,001-25,000 295 314 40.7 43.3

25,001-100,000 202 516 27.9 71.2

100,001-250,000 102 618 14.1 85.3

250,001-500,000 53 671 7.3 92.6

500,001-1,000,000 20 691 2.8 95.4

1,000,001-2,000,000 20 711 2.8 98.2

2,000,001-3,000,000 6 717 0.8 99.0

3,000,001-4,000,000 4 721 0.6 99.6

4,000,001-6,500,000 3 724 0.4 100.0
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Table 16. Herbaria with 20 or More Staff Members.

Herbarium Abbreviation
and Location

Number of Staff
Number of
SpecimensActual Ideal

1. MPU, Montpellier, France 46 67 3,150,000

2. SP, Sao Paulo, Brazil 45 2 85,000

3. K, Kew, England 41 139 6,500,000

4. LE, Leningrad, USSR 34 128 6,000,0001

5. LD, Lund, Sweden 34 32 1,500,000

6. L, Leiden, Netherlands 30 38 1,800,000

7. PC, Paris, France (cryptogams) 29 26 L200,000

8. P, Paris, France (phanerogams) 22 107 5,000,000

9. U, Utrecht, Netherlands 22 7 350,000

](). BAB, Buenos Aires, Argentina 21 3 140,000

11. US, Washington, D. C, USA 21 64 3,000,000

TOTALS 345 613 28,725,000

Probably should be 5,000.000; see footnote, Table 13.


